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[Continued from vol. xxxviii, page 223.] 


In a former part of this paper a succinct exposition has been 
given of a consistent general theory of Molecular Forces, and 
the Molecular Constitution of bodies, and special theories of the 
different states of aggregation of matter, and the processes of 
transformation from one state to another, as well as of the essen- 
tial nature and modes of excitation and propagation of the two 
agencies of light and heat.' The conclusions arrived at were all 
deduced from two fundamental principles, viz: 


1 In a paper on heat-vibrations, by Mr. James Croll, published in the Philosophi- 
cal Magazine, May, 1864, it is maintained that the heat-vibration does not consist 
in a motion of an aggregate mass of molecules, but in a motion of the individual 
molecules; also that it does not consist in excursions of the molecule or atom across 
centres of equilibrium, but in alternate expansions and contractions of the atom it- 
self. It will be seen that these ideas are in accordance with the conception of the 
constitution of a molecule adopted at the beginning of the present memoir (p. 62), 
and with the theory of heat-vibrations, or heat-pulses, deduced therefrom (p. 64). 
The author remarks that his conclusion that “ the ultimate atom itself is essentially 
elastic, is opposed to the ordinary idea, that the atom is essentially solid and im- 
penetrable, and favors the modern idea that matter consists of a force of resistance 
acting from a center.” But in the present communication the ground is taken that 
it is the elastic ethereal atmosphere condensed upon the atom that invests it with 
its panoply of power. Thus armed it becomes an efficient molecule—when associated 
with a kindred molecule an epitome, in fact, of the universe. In the contractions 
and expansions that result from the action of the central atom upon its atmosphere 
is to be discerned the origin not only of heat-vibrations, but of all the molecular 
forces; and in the varied possible movements and changes of molecular atmos- 
pheres, dependent upon their elasticity and mutual action, are to be found the es- 
sential causes of physical phenomena. 

Am. Jour. Sc1.—Srconp Series, VoL. XXXIX, No. 117.—May, 1865. 
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substances, we have admitted, and shall continue to admit, only 
differences in degree, not in kind; and differences too, that fall 
within the scope of the general theory. No higher requirement 
than this can reasonably be exacted of any fundamental con- 


ception.” 
Electricity. 


Preparatory to the discussion of this topic it is important to 
inquire more minutely than has hitherto been done into the 
electric condition of molecules, both simple and compound. 
Each simple atom, as we have seen, is surrounded by an electric 
atmosphere ; but has this atmosphere a definite limit? and if so 
what is the condition of the electric ether exterior to it, and in 
the interstices between molecules? The equilibrium of such an 
atmosphere is determined by the operation of two antagonistic 
forces, the attraction of the central atom for each atomette of the 
atmosphere, and the repulsion experienced by such atomettes 
from ull the others of which the atmosphere is composed. If 
we regard these forces as in no degree intercepted in their prop- 
agation, the atmosphere will extend with decreasing density to 
that height at which the attraction exerted by the central atom 
upon an atomette is just neutralized by the repulsion exerted 
upon the same by the entire atmosphere. The centers of repul- 
sion and attraction will also be coincident, and the law of varia- 
tion of the two forces will be the same; hence beyond the lim- 
its of the atmosphere there will be no effective action exerted 
by the molecule upon any electric ether that may be posited 
there. But the notion that there is no interception of force 
does not accord with the fundamental idea of the propagation 
of force by the universal ether (p. 238). It is impossible that a 
propagated force of repulsion should take effect upon an atom- 
ette of electric ether, unless the universal ether, which is the 
medium of propagation, be in some degree condensed upon the 
surface upon which the wave-force falls. Such condensation must 
give rise to a reflex wave, and the dispersion of a certain amount 
of force into the surrounding ether. Upon the principle of the 
conservation of force the amount of force thus dispersed must 
be abstracted from the original wave-force. Now if the atomettes 
of the electric atmosphere intercept a certain portion of the re- 
pulsion propagated from other atomettes, it follows that the 
center of repulsion of the whole atmosphere cannot be coinci- 
dent with the center of attraction, or center of the atom of mat- 

* The author may seem to have adopted, in the scheme of molecular forces pre- 
sented on pp. 63, 64, an arbitrary hypothesis, in assuming the existence of a force 
of molecular repulsion between the surfaces of contiguous electric atmospheres ; as 
the grounds upon which the theoretical inference was drawn were not stated in tbe 
course of the discussion. | There will seon be occasion to offer these in another con- 
nection. 
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of the outer envelope, or the interstitial electric ether of bodies, 
as a wave-force.* 

We have seen that the attraction exerted by the atom upon 
its atmosphere, proper, by forcing outward a portion of the uni- 
versal ether near the surface of the atom, develops at the same 
time an effective molecular attractive force and what we have 
called the force of heat-repulsion. From the difference that ob- 
tains in the circumstances under which these forces and the above 
mentioned force of electric repulsion originate, it is highly prob- 
able that their constants (nm and m, p. 68,) would be different. 

To pass now to the case of a compound molecule: let a and b 
(fig. 5) be two similar molecules, held in equilib- 
rium by their mutual actions, and let us enquire 
into the condition of the electric ether on the 
line crossing perpendicularly the line of their 
centers, at its middle point, m. At m the attrac- 
tions of the two molecules for an atom of electric 
ether there will neutralize each other, but at all 
other points of this line, the resultant of the 
attractions will have a finite value and be directed inward to- 
ward the line of the centers. This resultant will increase in 
value as the distance from the line of the centers increases, 
to a certain point, n, beyond which it will decrease. The sum 
of all these resultants will act as a compressing force upon the 
electric ether about m, and determine its density at that point. 
At other points, as e¢, r, s, variously situated in the vicinity of 
the molecules, the joint attraction of the two will generally ex- 
ceed the attraction of either molecule alone. It follows, there- 
fore, that the two united molecules will be surrounded by an 
electric atmosphere of their own, spherical or spheroidal in form, 
and at the same time that the two individual atmospheres will 
be materially modified. This atmosphere will have an outer 
envelope, as in the case of a simple molecule. 

If we suppose several molecules thus united, the entire group 
will have its own proper atmosphere. The extent of this atmos- 
phere will depend upon the normal attraction at the surface of 
the group; and this will also determine the density of the elec- 
tric ether in the interstices between the molecules.’ 

‘ The pulses of heat that are received from extraneous sources, and pass from 
molecule to molecule, augment this force of atmospheric repulsion. Accordingly, 
the value of the “ constant,” m, of this force (p. 67,) depends not only upon the at- 
tractive force, size, and perhaps other peculiarities of the central atom, but also 
upon the amount of heat received from all extraneous sources, External forces, of 
compression or extension, applied to a body, also tend to augment or diminish 
the value of 2. 

* In treating briefly of solidification (p. 209, &c.), our attention was confined 
chiefly to the union of simple molecules in one homogeneous mass, but there is good 
reason to believe that in most cases of solidification, with the exception, perhaps, of 
that of perfect crystallization, compound molecules are first formed, and that these 
combine, in various modes, to form the solid. In every such instance the formation 
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charge from one to another. To take a more complete view of 
the matter, the molecular polarization resulting from the elec- 
tricity received by any single point, S, will not be confined to 
the normal line a, 8, c, but will extend, though with diminished 
intensity, along lines radiating outward from 8. A similar re- 
mark may be ‘made of the flow of electricity that accompanies 
the polarization. 

If we take account of the entire spherical surface, S, and sup- 
pose it to be surrounded by a dielectric medium, as the air, ex- 
tending to an indefinite distance, each new addition to its positive 
charge will develop a wave of increasing molecular polarization, 
which will be propagated in all directions outward through the 
surrounding medium. ‘This wave, if it may be so termed, will be 
accompanied by a spherical electric ‘‘ wave of translation” that 
will spread indefinitely through the same medium. This latter 
wave will consist of a series of discharges from one spherical 
layer of particles to the next; while the former will consist of 
propagated movements confined to the atmospheres of the parti- 
cles ;—these movements being produced by the repulsive action 
of the electric ether accumulating on the farther sides of the par- 
ticles, transmitted primarily through the universal ether. ‘The 
quantity of electricity that moves forward from one layer of par- 
ticles to the next, should be equal to the quantity received by 
the surface, for the determining cause of the electric wave of 
translation lies in the fact that the force of tension of the propa- 
gated electricity urges this quantity between the surface and the 
first layer of the medium. 

The tension of the electricity received results, from the com- 
pression produced by the expansive action of the charge, which 
is ultimately in equilibrium with the force by which the dis- 
turbed atmospheres of the medium tend to return to their orig- 
inal condition. The tendency of the free electricity to escape 
between and around the polarized molecules of the medium is 
counteracted, as will soon be seen, by a resistance developed by 
the polarization. 

This we conceive to be the true process of induction. It will 
be readily perceived that it is in entire conformity with the ex- 
perimental results obtained by F aradi vy, and in accordance with 
his theoretical ideas of the gene ral nature of the process. 

We have supposed the electrised surface to be surrounded by 
a single dielectric medium, extending indefinitely ; but the re- 
sult would be essentially the same if the waves were propagated 
through several such media, as air, glass, &c. If we suppose the 
first medium to be replaced by another, while the entire quan- 
tity of electricity propagated by it, as ‘the polarization of the 
medium goes on, should remain the same, as Faraday has shown 


that it actually does, it does not follow that the final degree of 
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conduction, and there would be little or no polarization of the 
molecules. (2.) Let us suppose that the density of the electric 
ether is very feeble between the molecules, there being now no 
continuous mass of ether to give way before the electricity re- 
ceived at the end, the latter will, as a first effect, exert its repul- 
sive action through the universal ether upon the atmospheres of 
the nearer molecules and polarize them, and this will extend 
through the line, and the polarization will determine the dis- 
charge in the manner already explained. This would be the 
ease of a non-conducting dielectric medium. In all actual in- 
stances of good conduction the case lies between these two ex- 
tremes. The greater part of the electric movement is confined 
to the outer envelope of the atmosphere, and the outer portion 
of the inner envelope; and the polarization resulting from the 
disturbance of the lower envelope, or the atmosphere proper, is 
slight. With non-conductors, or poor conductors, the flow near 
the surface of the lower envelope, around the molecule, resulting 
from the direct repulsive action (or elastic tension) of the electric 
ether, is comparatively slight; and the polarization of the lower 
envelope, with the attendant discharge on the farther side and 
absorption on the nearer side, is much greater.* 

To obtain a more distinct idea of the entire process of imper- 
fect conduction, we must take account of a 
certain resistance which a polarized molecule 
ofters to the flow of ether around it from the 
negative to the positive side.’ Let a, fig. 7, 
be a polarized molecule. The center of re- 
pulsion of its electric atmosphere will fall at 
some point, 0, on the plus side of the center. 
If we enquire into the effective action of the 


molecule upon a mass of electric ether pos- 
ited at s, midway between p and x, if the 
atmosphere were not disturbed the center of 


* In the comparison made on p. 216, between the propagation of heat and the 
propagation of electricity, it is intimated that each is promoted by a polarization of 
the molecules, This is true only in a limited sense. The circumstances most favor- 
able in general to a conduction of either electricity or heat, are a uniformly dense 
condition of the interstitial electric ether, which may serve asa medium for the 
direct propagation of the waves, or pulses, and such a condition of the electric at- 
mospheres of the molecules that the resistance developed by any polarization that 
may ensue, shall be comparatively feeble. (See p. 246). When, however, the direct 
conductive action, by the intervention of the interstitial electric ether, is feeble, a 
greater facility of polarization on the part of the individual molecules would pro- 
mote the discharge from molecule to molecule. 

* The terms negative and positive, as here used, have reference to the polariza- 
tion simply, which is a change in the distribution of the electric ether in the lower 
portion of the atmosphere. It will be seen in the sequel that in the upper portions 
through which the free electricity moves, when a conductive discharge occurs, there 
will be an excess of electric ether, or a positive state, on the side of the molecule 
which is negatively polarized, and a deficiency or a negative state on the opposite side. 

Am. Jour. Sci.—Seconp Serius, Vor. XXXIX, No. 117.—May, 1865. 
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by the smaller number of resisting particles encountered, together 
with the diminished resistance of each particle. For it will be 
evident, on refering to fig. 7, that if the molecular atmosphere 
expands, as it will if the air be rarefied, the resistance at s will 
be diminished. Thus air rarefied to a certain degree should be- 
come a conductor of electricity. For a similar reason the sur- 
faces of solid, or liquid bodies, should conduct electricity better 
than the internal portions, since the molecular atmospheres are 
more expanded there.* It will also be observed, in view of the 
results obtained, that imperfect conduction and non-conduction 
depend upon certain effects resulting from the polarization of 
molecules, and that non-conductors may become imperfect con- 
ductors if the tension of the charge presented to them be suf- 
ficient. But it should not be overlooked that the amount of 
polarization induced, and therefore of the resistance resulting 
from it, must depend upon the condition of the interstitial elec- 
tric ether (p. 248), and the distance between the molecules; since 
the interval of time in which the repulsive impulses propagated 
by the universal ether, may come ‘into action before the electric 
ether impelled from the one molecule to the next shall begin to 
take decided effect, must depend upon these two particulars. The 
quality of conduction, or non-conduction of a substance, should 
therefore depend to a certain degree upon the mode of aggrega- 
tion of the particles; more especially as different groups of par- 
ticles, or compound molecules (p. 241), may offer different de- 
grees of resistance. 

If an insulated metallic ball, a, be placed in good conducting 
communication with the ground and afterward with the charged 
prime conductor of an electrical machine, the electricity will flow 
freely along the route thus opened, and the tension of the ether 
passing over a being very feeble there will be no perceptible 
outward movement from a through the surrounding air, and no 
sensible polarization of the particles of air; but this will no 
longer be the case if the charge be too large to be conducted off 
with facility. The effect of connecting the prime conductor with 
the ground when the machine is worked is to allow a free escape 
to the ether, which would otherwise pass toward the first layer 
of air particles, and displace an equal quantity from each layer 
in succession and transfer it to the next. 

Electric Spark.—If we suppose the insulated metallic ball, a, 
still connected with the prime conductor, to be placed near an- 
other ball, b, which is in communication with the ground, on 
working the machine the ball a, in receiving its charge, will 
give rise to electric waves proceeding outward from it (p. 248), 
and at the same time pclarize the particles of the surrounding 
* Surfaces of non-conductors resist the flow of free electricity after the same 
manner as the internal mass, that is, by their molecules becoming polarized. 
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ticles at the end of the metallic line through the ball. The 
luminosity of the detached particles is to be ascribed to the 
vibratory movements imparted by the discharge to the electric 
atmospheres of the particles. 

Excitation of Electricity —There are various special modes of 
exciting electricity, but they are all only so many different modes 
of polarizing contiguous molecules; or, more comprehensively, 
of effecting certain disturbances in the equilibrium of electric 
atmospheres. ‘The different special causes of disturbance in 
these cases may all be traced to some action of the molecular 
forces, or of heat; and, as we have seen (p. 64), heat is also, in 
its primary origin, one of the molecular forces. 

Frictional Electricity —The surface of one body should not in 
its natural condition exercise any sensible direct electric action 
upon that of another, unless they are brought into close prox- 
imity ; certainly much nearer than in any ordinary case of mere 
contact. (See p. 240 and Table I.) When, however, two dissim- 
ilar surfaces are pressed together, especially if they are brought 
within the limits at which a force of adhesion would come into 
operation, the unequal molecular forces of the dissimilar parti- 
cles, might, as will be seen in another connection (p. 250), give 
rise to a polarization of the particles. The development of such 
polarization should establish a wave movement entirely through 
the two bodies (p. 242), and as the result, the surface toward 
which the flow occurred might have an excess of free electricity 
while it would be negatively polarized (p. 246); that is, the outer 
envelopes would, on the outer side of the molecules, have an 
excess of electricity, and on the inner a deficiency. The reverse 
would be true of the other surface. This is the probable explana- 
tion of the electrical excitement which may be obtained in a feeble 
degree, by simple pressure, as in the experiment by Haiiy, of press- 
ing the smooth surfaces of fragments of calcareous spar, quartz, 
&e., between the fingers. But the process of excitation by fric- 
tion seems to be different. ‘I'he most notable distinction to be 
perceived between the act of yabbing and that of pressure, is, 
that in the former alone the protuberent parts of the two sur- 
faces are pressed against each other laterally. The probability, 
then, is that this lateral pressure of the surface particles is the 
immediate cause of the development of electricity by the rub- 
bing of one surface over another. Now it is easy to see that 
this pressure should tend to compress the electric atmospheres of 
the particles laterally, and so to produce an accumulation of 
electric ether on their outer sides, and a discharge from thence 
toward the other surface. If the surfaces be dissimilar in na- 
ture, or condition, the effects of this sort of action should be 
unequal, and the result should be that upon the one surface there 
would be an excess of electricity, and upon the other a deficiency. 
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condition, essentially, that we suppose a particle of water to 
exist. The two constituent molecules, oxygen and hydrogen, 
are not polarized, or but feebly so, and they are, to a certain de- 
gree, conducting communication with each other.” 

In developing the theory of the voltaic current, let us confine 
our attention to the case of a single cell, consisting of water, or 
acidulated water, between a plate of zine and a plate of cop- 
per. We must suppose that the first effect is a mutual polariz- 
ing action between a molecule of zinc and one of oxygen, the 
former being brought into the positive state and the latter into 
the negative state, upon their contiguous surfaces. The attrac- 
tion thus developed will arrange the oxygen, with its associate 
hydrogen molecule, on a line normal to the surface of the zine 
plate. The farther surface of the molecule of hydrogen will be 
brought to the same positively polarized state as the zinc plate, 
and will act in a similar manner upon the next particle of water ; 
and so on from one particle to another until a complete chain of 
polarized molecules extends to the copper plate. 

In this chain, as first established, we regard each particle of 
oxygen as in the negative state on the side nearest to the zine, 
and each associate particle of hydrogen as in the positive state on 
its farther side; or at least that they are brought essentially into 
this condition, and that the true polarization of the contiguous 
sides is comparatively feeble, by reason of the conducting commu- 
nication between them, resulting from the condensed state of the 
electric ether by which they are electrically connected (p. 241). 
Not only does the positive repulsion that originates at the zine 
plate establish, by induction, achain of polarized water particles, 
in which the farther, or hydrogen side, is in the same positive 
state as the zinc, but it also tends to increase the density of the 
electric ether posited between the oxygen and hydrogen of the 
individual water particles of this chain, and so to urge them as- 
sunder." Before the closing of the circuit, while the mutual 


© Tt is not absolutely essential to the explan ition of the voltaic current that the 
two molecules, when combined, should be regarded as devoid of polarization. 

According to the receiv ed theory of the constitution of a molecule of water, we must 
regard the molecule of hydrogen that combines with a molecule of oxygen as com- 
pound, and composed of two simple molecules (p. 241, fig. 5); but this in no degree 
effects the explanation to be given, for the compound molecule, as it is not decom- 
posed, comports itself throughout essentially as a simple molecule would under like 
circumstances. It is to be observed that the process of polarization above considered 
does not occasion an excess of electric ether upon the entire molecule of the one sub- 
stance, and a deficiency on the entire molecule of the other; since when a molecule 
becomes polarized it absorbs upon the one side the same amount of electric ether 
that it gives off from the other side (p. 242). 

In all these remarks the term molecule is used in the same sense as heretofore. 

If the constituent molecules of each water particle were not in conducting 

communication, then the action transmitted along the line would serve to polarize 
these molecules and thus to bind them more closely rather than to separate them. 
This objection seems to hold against Schonbein’s theory. 
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material and cross section throughout; actually should be pro- 
portional to the “reduced” length of the circuit. During this 
period all the electricity set in motion by the union of the two 
particles should pass through the circuit; or more strictly, be 
urged forward past each point of the circuit, in electric “‘ waves 
of translation.” The quantity of electricity that moves forward 
in a given time should then be inversely proportional to the 
length of the circuit, other things being the same. The reason 
that the quantity of electricity, or the intensity of the current, 
is proportional lo the area of te > CTOSS section of the wire is, prob- 
ably, that the number of points of the zine plate which are co- 
teniporaneot isl y in action, with the same degree of energy, would 
be proportional to this cross section. The éensio’ of the elec- 
tricity circulating in the current should be the greatest where 
the velocity of the individual particles of the ether is the least. 
Possible re tardations result from the electric relations of contig: 
uous molecules in the line being such that they become more or 
less aca i and so offer a resistance to the free flow of the 
electricity (p. 245); besides that the process of polarization is 
Ghendod” with a retardation. The degree of polarization that 
exists at any point of the current serves as a measure of the 
" resistance experience d by the current there. 

If an electrolyte be dis sposed | etween the.ends of the wires, the 
theory of its electrolysis is similar to that of the decomposition 
of the water in the cell. The only difference is that the ends of 
the wires are brought by the electro-motive force into the same 
positive and negative states, which the natural chemical action 
in the cell determines upon the zine and copper plates. 

When two or more cells are en pores, the natural polarizing 
action at each zinc pl ate should be enhanced, and the tension of 
the free electricity at the ends of the wires of the broken cir- 
cuit should be augmented. Hence there should be a more ener- 
getic force to polarize ant decompose an electrolyte interposed 


between the ends of the wires. But it does not follow that when 
only good conducting wires are employed to complete the circuit 


the intensity of the current will be a igmented by increasing 


the number of cells: since the principal re tardat ion of the flow 


occurs in the cells, and this increas s in the same proportion 


with the number of cells. (See Pouillet, Hlements de Physique, 
ii, 732.) 

The heat developed in the voltaic current is to be ascribed to 
the impulsive action of the electric ether moving in it upon the 
universal ether. Currents, or waves of translation, are thus de- 
veloped in this ether, which fall upon the central atoms of the 
material molecules in the circuit, or the dense ether surrounding 
these atoms. The impulses thus received are given off, or pass 

Am. Jour. Sc1.—Seconp Series, XXXIX, No. 117.—May, 1865. 
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Helmholtz’s method, or how far it is in point of fact possible to 
redict, by the binocular method, what the result of the true 
nixture of different tints willl be, is a question which, so far as 
I know, has never been studied. 

The following set of experiments was undertaken for the ex- 


? 
i 
2 


amination of this matter. 


The first method pursued was as follows: Light of different 
tints, complementary or not, was presented to the right and left 
eye, and the resultant tint gained by binocular vision was noted : 
afterward, by the method of rapid rotation the two tints were 

xed and presented toa single retina. In many cases the re- 

ilts obtained by the two methods were nearly identical, but in 
others there was found to be a considerable variation, so that 
often it was impossible to predict by the binocular method what 
the exact resultant by rotation would be ; it sometimes being of 
a tint which was not at all present to the eye or mind during the 
binocular union. 

An open lenticular stereoscope was provided with a white 
card board, in which were cut two square apertures one half an 
nch in diameter, they being placed at such a distance apart that 
.eir binocular union readily took place. The ground glass was 
removed, and the stereoscope held horizontally in front of a ro- 
tation a paratus to which was attached a circular card-board 
dise, with its two halves painted in different colors. The disc 
remaining at rest, the dividing line of the colors being vertical, 
light of different colors entered the two apertures in the card- 
board, and after their binocular union had been effected, the re- 

ltant was noted: the disc was then set in rotation, the stereo- 

pe remaining in its position, and a true mixture of the two 
tints was obtained and compared with the first result. 


t} 


Helmholtz has shown that vermilion represents the red of the 
solar spectrum up to the line C, that red lead answers to a por- 
tion between C and D, but not reaching up to D; also, that the 
pure yellow portion of the spectrum is imitated by the chromate 
of lead, the less refrangible blue by Prussian blue, and the 
more refrangible hlue by ultramarine. Accordingly discs were 
prepared with these substances, and, in addition, some others 
were used: viz.: a disc colored with a bright and pure yel- 
low, a little more refrangible than chrome yellow, but still 
not at all greenish vellow—its tint was about that of 107°7, in 
Kirchhoff’s chart: for the production of a greenish yellow disc, 
gamboge, with a minute portion of Prussian blue, was used—its 
tint was that of 118-2; more of the latter color, with gamboge, 
gave a good greenish-blue disc. Red discs, slightly purplish, 
were used; also discs colored with emerald green, 170° in the 
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8. Orange and black gave a more neutral tint by binocular 
vision than by rotation. 
9. Orange and white gave the same tint. 


10. Chrome yellow and emerald green (170°) gave the same 
result, viz., a yellowish green. 

11. Chrome yellow when combined with black by rotation 
gave a more decided yellow than would have been expected from 
the stereoscopic union of the two components. 

12. With white the tint was the same in each case. 

13. Emerald green with white gave the same tint in both 
eases; with black the tint was not nearly green enough in the 
binocular union. 

14. Ultramarine with white or black gave about the same re- 
sult in each case. 

15. Purple and yellow (107:7) by rotation gave a decided yel- 
low: the resultant impression from binocular vision was much 
more neutral. 


It will be noticed that in all these experiments the colors of 
the discs were such either in intensity or nature that by rotation 
a neutralization was not to be expected; 1 now pass to those 
cases where the tints were complementary or approximately so. 

1. Golden yellow and Prussian blue gave about the same tint 
in the two cases, viz., a nearly pure gray. 

2. Vermilion and greenish blue gave approximately the same 
tint in both cases, viz., a gray slightly purplish: the tint by bi- 
nocular vision was a little more neutral. 

8. Greenish yellow and purple gave sometimes the same tint 
in both cases, viz., a gray with a tinge of green. 

4. Emerald green and purplish red gave by rotation a good 
neutral gray, but I could not, by binocular vision, get exactly 
the same result, the tint of the resultant being either too red 
or too green. Both of the original colors used were very pure 
and bright. 

Lastly, I give two combinations on which many experiments 
were made, viz., first, chrome yellow and ultramarine. By the 
stereoscopic union of the components a pure gray was obtained, 
or at least a gray without any tinge of red, but by rotation the 
color was of reddish copper hue, which could not have been an. 
ticipated in using the other method of combination. Also, yel- 
low (107°7) and ultramarine often gave in the binocular method a 
neutral gray, while the true union of the colors gave a flesh tint. 

It will be seen from these experiments, that while a combina- 
tion does in reality take place, yet that the resultants in the two 
cases may very considerably differ, and farther, that there is a 
tendency in the binocular method to consider the resultant im- 


seems of a 
the two i! 
tazhed to « 
rapid ro 
ant obta 
strong pul 
in the 
to consid 
bine, in 
to perce lve 
It may 
held as d 
the latter 
card | 
would be 
ries to dé 
the surf 


vat 


For tl 


binoculai 
glass restil 
before the t 
one of th 
objects, p 
in black 
emplo% 
inclinatio 
sultant | 


Ist, R 
readiness 1 
the 3rd o 
The same t 


compo! 
portion 
2nd, G 
order, ¢ 
readily 1 


s 
9258 O.N.R L tant 
pression a1 s that 
this is not t man 
ner by an e? | 
lately r “Aye 
low ¢g!] 
other, v 


O. N. Rood on the Gyroscope. 59 


3rd, Yellow and indigo blue of 1st order gave easily a very 
white. The same tints in the 2nd order united with more 

iculty. Union was about the same in 8rd order. 
Greenish yellow and violet of 2nd order combine to a 
» with s yme difficulty. The same is true of these tints be- 

to the 3rd order. 

th, Green and purpli red of the 2nd order, united with 
moderate ease. ‘he same tints in the 3d order united with 
great ease, and the resultan ite could be retained very steadily. 
hat the union most easily 
y tints have a low intensity. 
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Art. XXXI.—Remarks on the Beatricee, a new Division of 
Mollusca ; by ALPHEUS Hyatt, Jr. 


DURING an expedition to the island of Anticosti in the sum- 
mer of eighteen hundred and sixty-one, undertaken by Mr. A. 
E. Verrill, N.S. Shaler and myself, and prosecuted under the 
auspices of the Museum of Comparative Zoology, in Cambridge, 
numerous specimens of Beatrice were collected at English 
Head, West Point, near Junction Cliff, on the shores of Ellis 
Bay, and at several points between Salmon River and Fox Bay. 

I have satisfied myself by a careful inspection of this large 
collection during the past two years, that these remarkable re- 
mains are not tree-like fossils, as originally described by Mr. Bil- 
lings of the Canada Geological Survey, but a new and interesting 
order among Mollusca closely a ullied to the Orthoceratites. 

I have in course of preparation a monograph upon this new 
order, but, as unforseen difficulties will probably delay its com- 
pletion, I hope that even so slight a sketch as is here given of 
the most prominent characters may not prove uninteresting.’ 

The Beatrice are long cone-like bodies, composed of three 
distinct parts, or layers, in the following order: (1) A central 
chain of small hollow chambers ; (2) a succession of concentric 
coniform layers; (3) an external or su b-epidermal layer. 

(1.) The “central chambers are imperforate, generally deeply 
eure, and set one upon another like a pile of Chinese tea- 

cups. ‘The tops, as also the bases of the coniform layers, are 
turt ned toward the larger end of the fossil, and comp sletely closed 

by the bottoms of the succeeding cavities. They invariably 
occupy the axis of the encircling coniform layers, and have thin 
and sharply defined walis, resembling the fossilized nacreous 
septa of an Ammonite or Nautilus, and are not continuous with 
each other or with the adjoining coniform layers. 

These cavities present many variations of form in the same 
individual, especially in B. undulata, sometimes in this species 
even becoming reversed, convex instead of concave, or broken 
up into several minor chambers. Such irregularities, however, 
are merely local, arising from mutilation or other disturbing 


* Although any adequate acknowledgment of the kindness shown to the mem- 
bers of the expedition by Prof. Louis Agassiz, Sir Edmund Head, then Governor. 
General of Canada, and Mr, George Ticknor of Boston, all of whom did their ut- 
most to aid us in accomplishing our designs, would be more appropriate in the 
monograph alluded to above, I cannot refrain from availing myself of the present 
opportunity to express our sincerest thanks for the sympathy and assistance we re- 
ceived from them. My personal thanks are also due to my father, Mr. Alpheus 
Hyatt, Sr., of Baltimore, Md., to whose generosity I owe the privilege of attending 
the expedition. 

Am. Jour. Sc1.—Seconp Series, Vo. XXXIX, No. 117.—May, 1866 
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ponding to angular external ridges projecting from the outer 
surface. The spaces between the folds are acutely angular, and 
answer to an equal number of broad shallow channels between 
the external ridges. The correspondence of this core with the 
exterior renders the supposition of its being the fossilized form 
of those parts of the animal that secreted the shell extremely 
probable. The differences, also, which exist between the lobe- 
like folds and the corresponding, angular, external ridges be- 
tween the vacant, deeply cut, angulated interspaces, and the 
shallow, external channels, show that the inclosed body was sur- 
rounded by amantle. If the shell had not been secreted by an 
enveloping mautle, the outline of the exterior would have cor- 
responded more closely to the internal irregularities of the sur- 
face of the body, and there would have resulted a shell with 
prominent lobe-like folds, instead of depressed, angular ridges, 
and deeply cut angulated interspaces, instead of broad, shallow 
channels. 

In attempting to refer the Beatriceze to their proper place in 
the animal kingdom, we were at first much impressed by their 
great likeness to Cystophyllum; Mr. Verrill, however, after 
having made extensive comparisons between them and all the 
seemingly allied forms of Radiata in the Museum of Comparative 
Zoology in Cambridge, became convinced that their apparent 
affinity to the Radiate branch was nothing more than an analogi- 
eal resemblance; extending, however, in a most extraordinary 
manner throughout the internal parts. 

Mr. Verrill separates them from the Radiata principally because 
of the absence of any radiated structure, and the presence of the 
external, subepidermal, ornamented layer; features which he 
considers as irreconcilable with the structure of that branch. 

An additional objection of considerable weight, may be founded 
upon the internal organization of the specimen, from English 
Head, above described. 

This, with the fossilized remains of its former occupant still 
preserved within the chamber, the last of a series of other cone- 
like chambers, when considered in connection with the contin- 
uity of the sub-epidermal layer, and the absence of all annular 
furrows, shows conclusively that the shel was secreted by a 
Mollusk. 

The Beatricez are very like the Hippuritidee, both in general 
form and the arrangement of the component parts of the shell ; 
but here again it may be demonstrated that the resemblance is 
not so close as it at first appears to be. 

The geological horizon in which they occur, without other 
evidence, would alone be sufficient to render their affinity with 
the Hippuritide exceedingly doubtful; but, besides this, the 
structure, evidently, is not so closely allied to that of the Hippu- 
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chambers, as the septa are in Endoceras, and if, at the same time, 

the ce ntral cup-like cavities were sup posed to be prolonged into 
cones, we should, without violence to the typical idea of the or- 
ganization, have tr: insformed the Beatricea into a shell separable 
from the Endoceras by only one character, the vesicularity of the 
septa. 

The analogies which the Beatriceze have with plants in their 
general aspect, with Radiates in their internal vesicular struc: 
ture, and with Hippurites in the arrangement of the parts, are 
so close as to entirely bury, as it were, their true affinity with 
Cephalopoda, which only becomes obvious after diligent com- 
parisons. 

This complex nature establishes the Ceriolite as one of those 
strange types that not only combines, as does the “ Phoronis hip- 
pocrepia,® the Annelidan homomorph of the Hippocrepian Poly- 
zoa,’’ the characteristic features of other groups a to 
different branches of the animal kingdom, but also of groups 
in other classes within its own sub-kingdom. 

All these analogical relations are, so to speak, retrospective ; 
they refer to lower ranks of life than the one in which Beatricea 
itself is found, 

There still remains a question which I have not been able to 
solve in a satisfactory manner with the specimens at my com- 
mand. Are the Beatrice internal or external shells? This 
problem, so difficult to sattle conclusively with regard to the 
Orthoceratites, is equally puzzling in the structure of Beatricez. 
Their extreme length, cellular structu ire, and the irregularity 
of the ornamentation, would be almost determinative in favor 
of their being internal shells, were it not for the aspect of the 
east of the animal in the terminal chamber of the specimen 
from English Head, which proves that a large portion, if not the 
whole of the body, was contained within the shell. 

If, however, upon further examination, they should prove to 
be internal, which I consider doubtful, the cycle of their ana- 
logical characteristics would be completed, and they would refer 
not only to lower types, but have certain features in common 
with the more highly organized dibranchiate C ephal — 

There are but two known species of the order Ceriolites, both 
occurring in the Silurian strata of Anticosti.° 

Mr. Billings, in describing the species, states that they differ 
only in the external ornaments or markings.’ 


* Allman’s fresh-water Polyzoa. Ray Soc., 1856, p. 55. 


* Since writing the above ‘L have been indebted to Prof. J. D. Dana for the loan 
of some fragments of a Beatricea, resembling B. undulata, from Kentucky. The re- 
moteness of this locality affords ground for hoping that the remains of other species 
may be brought to light in some ‘of the intermediate Silurian basins. 

 Billings’s Report, Canada Geol. Survey. 1853-56. p. 343. 
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Art. XXXII.—The Albert Coal, or Albertite, of New Brunswick ; 
by CHARLES H. HircHcock. 


THE nature of the Albert coal and the mode of its occurrence 
in the strata have been vexed questions in geology. Its beau- 
tiful appearance attracts the eye, while its pecuniary value gave 
rise to the litigation which occasioned the delivery of the diverse 
opinions. In this as in so many other difficult subjects time has 
developed much truth, and shown us that we must not insist too 
strongly upon seemingly well-established theories. 

[In this communication I propose to describe briefly the geo- 
logical features of the Albert coal vein and the accompanying 
rocks. I shall, whenever necessary, refer to the facts observed 
by others in this locality, but rely chiefly upon my own observa- 
tions made in 1861 and 1864, as well as upon hints derived from 
persons of intelligence living in the vicinity. For a knowledge 
of many facts relating to the distribution of the dif 472 strata, 
I am indebted to Mr. James Blight, of Hill: sborough, |] - oe: 
is necessary to be dependent upon others for some See of 
the inte rnal structure of the Albert Mine, because the Company 
will not allow any scientists to examine their property below the 
surface. I use the word coal asa matter of convenience, not 
necessarily in strict payee ty. 

There are four different mining properties in Hillsborough, 
situated upon veins of Albertite:—the Albert, (the only one 
worked extensively and thoroughly proved), the East Albert, the 
P rince of Wales, and the Princess Alexandra. The second lies 

east of the first, and the others north and south of the same. 
Hillsborough is situated upon the west bank of the Petitcodiac 
river, near its confluence with the Bay of Fundy. 

The rocks are of Lower Carboniferous age, and belong to the 
Acadian coal series. Several species of Palceoniscus, Lipidoden- 
dron, Lepidostrobus, Spheredra, and Stigmaria occur in the shales 

1d sandstones. T ¥ o or three miles southwest from the Albert 
a ift there appear older crystalline rocks, such as syenite and 
metamorphic slates; constituting the easternmost point of the 
extension of these rocks from the vicinity of St. John. The 
lowest rock in the Carboniferous series is the Albert shale; but 
I cannot state whether it crops out near the syenite. It probably 
does not ap pear anyw here on the edges of the coal basin. Noth- 
ing similar to it occurs in the Joggins’ section. Itshould be ex- 
pected to occur near and below the numerous deposits of gyp- 
sum in the eastern provinces. 

This shale contains a large amount of hydro-carbonaceous 
matter. Certain layers of it at the ‘‘ Caledonia Oil Works,” by 
a rude process, have yielded thirty gallons of refined illuminat- 
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It is not likely that any of the shale rose above the surface at 
the time of flexure ; and now that a pertee of it has been laid 
bare by the removal of the up per rock , the fissure and contor- 
tions show more plainly than iu the ov verly ing tough conglome- 
rate to the east, which being narrower will naturally contain Jess’of 
any foreign matter that has subsequently been injected into it.’ 

Some relics of this great force are now perceptible at the 
Albert mine, showing that the pressure is still exerted, perhaps as 
strongly as at any time of its manifestation. This phenomenon is 
much more‘noticeable than the “swellings of the walls,” so com- 
mon in deep mines. As soon an the coal is removed, strong tim- 
bers are put in to keep open the drifts, but in a short time these 
cross-pieces are split and crushed by the powerful force pushing 
the walls together. And when the timber is destroyed, the walls 
shut in, closing with a great noise as loud as thunder for hours, 
but not so near the workmen as to interfere with their progress. 
Not merely do the walls close, but frequently large fissures are 
produced ‘behind the vein, so that the miners can clamber up 
and down new crevices. Large masses of rock are sometimes 
detached from either wall, in consequence, filling up the drift. 
We might e xplain the falling of fragments by gravity, but not 
so easily the crushing of the timbers. 

The coal shows the effects of the crushing process no less 
plainly. It is much broken, even to grains, and needs no pick 
for its removal from the vein. It will flow as easily as heaps of 
corn, and therefore pains are taken to tap the vein in the right 
place, and at the proper time. If by oversight the main shaft is 
not walled up very tight, the coal will stre: am through the crevices 
between the beams, to the great inconvenience of the workmen. 

The first outcrop of Albert coal was discovered by John Duffy, 
fifteen or sixteen years ago, in a deep ravine on Frederick’s brook. 
The vein was about four feet wide, but by working upwards 
twenty-five feet into — bank, it thinned out to two or three 
inches. Duffy drifted about 300 feet on the course of the vein 
above the water-level, and sunk a shaft sixty feet, where the 
coal is said to have attained a width of ten feet. He then dis- 
posed of the property to Cairns, Allison & Co., who held it at the 
time of the litigation, but have now mostly transferred their 
shares to other parties, holding them under the same charter. 

To describe the numerous variations in the course, thickness 
and shifts in the Albert workings, so far as known, would be 
unnecessarily tedious. Percival describes them for the first 200 

* The fact of the existence of the coal in a vein occupying an anticlinal disloca- 
tion was maintained by Messrs. Robb and R. ©. Taylor in their Joint Report upon 
the Albert Mine in 1851. See Proc. Am. Phil. Soc., vol. v, p. 242. Their report 
was accompanied by chemical analyses by Dr. C. M. Wetherill, who made the ma- 
terial a variety of asphaltum and named it melan-asphalt. 

Am. Jour. Sc1.—Sgeconp Series, VoL. XXXIX, No. 117.—May, 1865. 
30 
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zontal slips—seems to complete the evidence that the coal does 
not occur between stratified planes. 'T'o disclaim a bedded char- 
acter casts no reflections upon the observations of the distin- 
guished geologists who have decided otherwise; because they 
started with erroneous premises. ‘To them the idea of coal in a 
vein was preposterous. It appeared as great an anomaly as it 
would be now to find Niagara fossils in the Potsdam group. 

The vein-character of the deposit is seen more distinctly in 
the smaller openings. Onthe East Albert property two shafts 
have been commenced near the anticlinal line in the conglomer- 
ate over the shale. These reveal, at the depth of thirty feet, 
nearly six inches width of a richer and more beautiful coal than 
the Albert, gradually thinning out to the width of coarse paper 
at the surface, and most unequivocally cutting vertically across 
nearly horizontal layers of sandstone. As before, we have here 
the phenomena of shifts constantly working the vein southward, 
and a slight leaning in the same direction. Following the line 
to the Petitcodiac, there are seen other openings upon the vein of 
less extent, 

The two veins crossing the anticlinal are very interesting. 
Upon parallel lines about a mile apart, their course is N.E. and 
S.W. One appears to intersect the principal vein very near the 
Albert shaft. The intersection of the other is concealed by a 
great depth of alluvium. It cannot be said that the coal is likely 


to prove more abundant at these intersections, as is the case at 
the union of metallic lodes, yet the similarity of the two classes 
of veins is such as to warrant the exploration. 

These two side veins cut the strata nearly at right angles to 
the dip. The following is in general their nature, as observed 
in half a dozen openings. The conglomerate with a gentle dip 
is traversed by vertical joints, two of which parallel to each 
other, and from two to seven feet apart, are filled with threads of 
Albertite, occasionally enlarging to bunches an inch thick. Be- 
tween them are branching threads of the same material, joining 
the Jateral seams at various angles. I think there are no 
branches upon the outside walls. ‘The whole field reminds one 
of an area of tin veins. Like the others, this vein-field leans 
slightly southward. It will be interesting to watch the develop- 
ment of these veins to see whether they will develop like the 
Albert. Their persistency and ability to cut through the strata 
render them worthy of attention. But no one ought to expect 
to discover a large vein till the threads have been followed down 
to the subjacent shale. The surface at the Albert mine is more 
than a hundred feet lower geologically than the bottom of the 
East Albert shaft where the coal is nearly six inches wide. 

I think the following conclusions may be drawn legitimately 
from the foregoing and kindred facts. 
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respects. These particulars will be ascertained fully by the im- 
mense enterprise now manifested in sinking for petroleum. We 

san anticipate differences in respect to the limited depth, little 
variations of thickness at intersections, irregular yield, and ori- 
gin of the carbonaceous veins. <A proper ‘knowle dge of them 
may lead to some modification of terms in our definitions. 


87 Park Row, New York, Jan. 23, 1865. 


ArT. XXXIIJ.—Detection of the adulteration of Essential Oils 
with Oil of Turpentine by the Sact harimeter ; by Dr. JULIUS 


M AIER, Assistant i in the hool o yf Min es, ( ‘olumbia Coll. a » A 
THE essential oils, espe cially the expensive ones, are mostly 
adulterated with oil of turpentine. t is often difficult to detect 


this adulteration, especially when the adulterated oil gives simi- 
lar reactions with oil of turpentine. 

With the saccharimeter it is possible not only to detect the 
adulteration but even to find out the quantity of oil of turpen- 
tine mixed with the other essential oils. A large number of oils, 
particularly those belonging to the camphenes, the carbon of 
which is in the proportion of 5 to 8 to their hydrogen, have an 
action on the polarized light, deviating the light either to the 
right or the left hand side. These optical researches have been 
made by Biot, Soubeiran, Capitaine, Gladstone and Berthelot, in 
order to establish the constitution of the camphenes. I made 
some researches to detect the adulteration of the essential oil 
with the oil of turpentine 

For that purpose, a chemically pure oil of lemon which I had 
prepared myself, was tested in a saccharimeter, the tube of which 
was 200™™ Jong. 

The deviation was +137°-296 for the middle yellow ray. The 
oil of turpentine, us sed for the research, prepared by myself, had 
a specific gravity of 0°865 and gave a deviation of —73°-135. 
A mixture of equal volumes of both these oils showed a devia- 
tion of +80°°65. The calculation gives a deviation of +382°°081 
in the following manner: 

4 vol. oil of lemon — + 68°648 
4 vol. oil of turpentine = — 36°567 


1 vol. mixture = +32°-081 
A mixture of 2 vol. oil f lemon with one vol. oil of turpen- 
tine gave a deviation of - ‘65°34: from the calculation results a 
deviation of +67°°152, as 
3 vol. oil of lemon = +91°531 
+ vol. oil of turpentine = — 24°-379 


1 vol. mixture +67°'152 
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To show this calculation by an example, the power of rotation 
is supposed to be 


of the pure oil of lemon = -+ 80°'573 
turpentine = — 40°-275 
“ «mixture = -+ 18°70 
the quantity of the mixture = 20 c. cm. 
(20—z2z) 80°573—40°2752 = 20 18°70 
7611°46—80°5732—70°2752 374 
1237°46 = 122°8482 


The mixture contains equal parts of the pure oil and the adul- 
terating oil of turpentine. 


Optical behavior of several essential oils, 


Tested oil — ae Power of Observer. 
gravity. rotation 

Oil of absiuth, U'973 +- 20°67 |) 

Oil of orange blossoms, | Soubeiraa 
first product, 0°835 +127°.43 |} & 

Oil of orange blossoms, | Capitaine. 
second product, 0°837 +-125°°59 J 

Oil of bergamot, 0°850(?) |-+ 29°28 Biot. 

Oil of bergamot, first 
product, 0°850 +- 49°-396 ) Soubeiran 

Oil of bergamot, last - & 
product, 0°877 6°'573 \ Capitaine. 

Oil of caraway seed, 0°897 Maier. 

Oil of lemon, 0°848 80°'484 Biot. 

Oil of lemon, 0°852 80°573 Maier. 


i 

Oil of lemon, (Grasse, ) 

first product, 0'844 79°°749 
+ 


Oil of lemon, (Grasse, ) 


last product, 0°853 78°°156 
Oil of lemon, rectified, 0°854 80°°916 Soube; 
Oil of copaiva balsam, 0°881 34°18 
Oil of copaiva balsam, Ca 
(Para,) | 0-898 
Oil of cubebs, |0°929 — 40°°159 
Oil of cubebs, free from | 
water, | 0°914 — 32°40 
Oil of elemi, | 0°852 — 90°30 Deville. 
Oil of juniper, | 0°855 — $°52 Soubeiran & Capitaine. 
Oil of juniper, 0°858 — 3°479) Maier. 
Oil of turpentine, ()°8722(7)| — 39°950; Biot. 
Oil of turpentine, 0°860 — 43°38 Soubeiran & Capitaine. 
Oil of turpentine, 0°865 — 42°25 | Maier. 


Gladstone (Chem. Soe. Jour., [2], ii, 1,) has given a more com- 
plete table on the power of rotation of most of the essential oils, 
My researches were restricted to the few above mentioned. 
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Distance. 
Moon, Calculated. Observed. Difference. 
I. Mimas, 435 3°4 
II. Enceladus, . 4°70 4°3 +°40 
II. Tethys, ; 5°4 ‘0 
LV. Dione, 6°8 6'8 ‘0 
V. Rhea, . 9°6 ‘0 
VI. Titan, 15°2 22.2 —7°0 
VII. Hyperion, . . —16? 
VIII. Japetus, . 488 64-0) —15°2 


Excepting for a moment the 6th and 8th moon, we see but 
small differences; Mimas and Enceladus being too near Saturn, 
appear to have but very small mass, which conclusion is strength- 
ened by the fact that it required Herschel’s great telescope to 
discover them (1789). The next three almost exactly harmonize 
with this law; they are, therefore, not only larger than the first 
two, but also much alike. They were discovered by Cassini, 
first the filth (Rhea) in 1672, and later (1684) Tethys and 
Dione. As the latter were discovered by the same observer, the 
difference in date is, perhaps, alone due to the greater nearness 
to the disk of the primary. Hyperion is even lower than any, 
and, therefore, smaller than even the interior ones. This is con- 
firmed by its discovery, which was not made till 1848, by Bond 
and Lassell. But the sixth, Titan, and the eighth, Japetus, are 
much farther distant than (65) gives; thus proving them to have 
much more considerable mass (or rather v (37) is less, which in 
general will be the case if the mass is greater). This is fully 
confirmed by the date of discovery : Titan being the first dis- 
covered of all, (by Huyghens, 1655), and Japetus the second, (by 
Cassini, 1671). These estimates of the masses are further cor- 
roborated by Humboldt,’ who calls Titan “ the largest of all 
known secondary planets.” Compare another theoretical esti- 
mate, (this Journal, xxxvii, 46), leading to the same results. 


C, The lunar system of Uranus 


is exceedingly important on account of the plane and direction 
of its motions. We have tried to show that this very position 
affords one of the most conclusive confirmations of the nebular 
theory. (This Journal, xxxvii, 50.) Here we will consider 
the arrangement of the individual members of the system. 

We know it to be the oldest, because it is the most distant 
system of which we have definite knowledge. The original dis- 
tances and the original harmony of these distances is therefore 
here most deranged. We cannot even with any degree of cer- 
tainty consider the moons to be now in the same order of suc- 

* Cosmos, i, Harper’s edit., p. 95 
Am Jour. Sci.—Sgcoonp Serigs, Vor. XX XIX, No. 117.--Mayr, 1865. 
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§ 15. The incommensurability of the periodic times. 


By the third law of Kepler we have, if T; and Ty are the 
periodic times of two planets, 


(68) 


or by (838), 
(69) 
| 
which expression will not generally make Ty and T; commensur- 
able. Thus we see that our law accounts for another important 
condition of stability of the system, (see § 3, 1). 
3ut as the distances are continually decreasing, and at differ- 
ent rates, (this Journal, xxxvii, 41, gives the numerical values 
of these rates), we perceive that dn time such commensurability 
may take place between any two planets.* Such is actually the 
case between Jupiter and Saturn, as discovered by Laplace. 
The distances were (see § 18) for Jupiter a, = 520, for Saturn 
a, = 1000, giving for (68) the continued fraction 2(1,1,2.. ) 
having the approximations, 


‘, approached originally to 5:2; now it is very nearly so. 


For Venus and the Earth the original distances 70 and 100 

give the approximations, 

12 29 

whilst Airy has found the commensurability 13:8 or nearly our 
29:17 8=29: 17°8]. 

In the lunar systems such commensurability is common; and 
it is for the satellites of Jupiter that Laplace demonstrated * the 
great proposition, if such commensurabilily exists but approxima- 
tively it will become exact in time. 

Having seen that the change in distance produced by resist- 

ance will make the ratio ap proach commensurability, it therefore, 
as we stated before, will become rigorously so. 

From (68) we find easily that the ratio will be 2 if the dis- 
tances are in the ratio of 27: 1, or (by continued fractions) 
the approximative fractions, 

& 
2 

* Grant (History of Physical Astronomy, London, 1852, p. 93,) states that the 
libration of the jovial moons is “ independent of the effects of a resisting mediu ™," 
meaning that it will be preserved notwithstanding such medium. This is probabl 
& mis take, for it would depend upon the relative magnitude of the resistance oa 
the perturbation 

* Méc. Cél., vol. viii, Ch. vi, §15. We express the proposition in more general terms, 


“7 

a, 

— 
5 13 
or 


280 G Hinri hs on Planetol 


For Jupiter’s sa 
and a,:a | 
of the seco! 
time 


ence Lapla 


had (see 14 of Mot we 
the ratio ¢ 14 Miimas (1) 
times requires t ' But M , the periodic 
the m st. ached saturn 
been brou 

For the 
dus=—6'8 : 
duplication o 

The lunat 
duplicati 
such grou! 
two inner! 
sell in 1851. 
seen from t 


Uranus, 


and the LV 
approximat 
Also the pe! 
being 5°8926 
Taking only the 
tinued fract leans of con- 


the perio¢ 
ad Herschel, ( 
© Schwe 


Astrononische N 


16 a a 8:5; 
0, | the odic time 
and the 

thus prov seco? 

(Lasse}l 

The 

the first 
duplicat tion of the 
Urania st s between 


G. Hinrichs on Planetology. 281 


from is greater than the effect of resistance, these ratios and the 
corresponding configuration would become permanent. It is 
not improbable that an analysis of the lunar system of Lerschel’s 
planet will throw much light on the future configuration of the 
solar world by ascertaining the exact relation between perturba- 
tion in commensurable revolutions brought about by resistance 
and the continued influence of the latter force on such commen- 
surable motions. 

Though this latter question cannot at present be fully answered, 
we have proved in this paragraph that not only the general in- 
commensurability of the periodic tines ensuring the stability of 
the system, but also the deviations therefrom are accounted for 
by our law (38). 


$16. History of the Solar System. 


Believing that we have, in the preceding pages, brought forth 
some further arguments in favor of the nebular hypothesis, we 
may be permitted in a very few words to sketch the grand his- 
tory of the material universe as it is seen in the light of this 
theory. The philosophers of old called Man a Microcosmos— 
we compare the Universe, the Macrocosmos, to man, thereby in- 
timating that as Man has a parentage, growth and decay, i. e., a 
history, so has the Macrocosmos. 

The history of the material world may be divided into four 
periods or ages, corresponding to those given in a note to §6. 
(Compare Guyot’s views in Dana’s Geology—chapter on “Cos- 
mogony 

In the beginning God created the heavens and the earth. And 
the earth was without form and void, and darkness was upon the 
face of the deep. And the spirit of God moved upon the face 
of the waters. (Genesis, I, 1, 2). 

The material universe was created not in its present form, but 
without form; it was void and dark; but the spirit of God per- 
vaded it, and planned it such that his All-Foresight, or Provi- 
dence, might also be manifest in the material world. This is 
really the Creation—it is merely stated, not described, for it is 
inconceivable to mortal understanding. It is too awful, our 
mind is lost in reflecting thereon; hence the divine writer 
merely mentions it at the beginning, and, to give fullness to his 
picture and adapt himself to our understanding, describes the 
first three great ages as real creative acts, though mere conse- 
quences of the unfathomable word given in the first verse of 
Genesis. We believe that the first five verses of Genesis have 
never before been fully understood in their deepest sense. We 
shall in the sequel keep constantly before our eyes both this, the 
revealed History of the Cosmos, and SCIENCE, ded uced from the Tev- 
elation we have in the present form of nature. 
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“Tn the beginning God created the heaven and the earth” 
means according to 


Newton, 1686: a direct, immediate creation of every globe as it 
is now. 

Huyghens, Hutton, and modern Geologists: a direct creation of 
the heav enly globes as fiery masses, circulating in the system 
as they do how. 

Kant, 1755, Laplace (later): a direct creation of a rotating mass 
of chemical elements; giving rise to the plane tary system. 

We, in 1854, conceived this rotating mass of elements to be the 
product of a created nebula consisting of but one single element. 
We will now contemplate the different ages manifest in the 

development of this Urstoff. 

First Day or Age—The atoms of “Urstoff” combine—light 
(and heat) and the chemical elements result. ‘lhe mere production 
of light would not entitle it to be considered one of the days of 
creation; but liglt is by the divine writer taken as a type to 
represent itself, and the less obvious, though much more import- 
ant, chemical elements. It was not so much the light as the for- 
mation of the elements, the basis of modern physical science, 
which characterized the first day. We think that a rotation was 
also produced hereby. (This Journal, 1864, vol. xxxvii, p. 52.) 

Second Day or Age—For mation of the planetary orbs with their 
satellites, —The nebula developed itself into a great number of 

imilar planetary nebulae, which again gave » birth to similar lu- 
nar nebulae. Thus we see here the simplest kind of “ life,” re- 
production by division, as exhibited by many plants, and even 
animals, which to distinguish them as such from inanimate mat- 
ter, have another mode of reproduction besides. The planets 
represent the children, the moons the grandchildren of the sun. 

Third Day or Age —The fiery balls resulting from this subdi- 
vision cool down and are shaped, as Geology ‘has ascertained in 
relation to our own earth 

The Fourth Age of the in rganic era is the present. We have 
shown that the further characteristic of life, namely, death, i 
not restricted to the organic but is participated in by inorganic 
nature (this Journal, [2], xxxvii, 56). As every breath of our 
lungs is a differential of decay—so every rotation of the earth 
giving us the enjoyments of another day, and every revolution 
charming us with the succession of the seasons, brings our own 
mother earth nearer to her grave,’ 

' We beg the scientific reader's pardon for these paragraphs, which do not be- 

long to this place. But we felt it urgent to say at least this much, as some, even 

to-day, are apt to base the cry of “heretic,” “infidel,” etc. on any such deviation 
from the beaten path in their dogmas. The nebular hypothesis has richly participa- 
ted in the abuse heaped in its day on the Copernican system, and on some leading 
doctrines of geology. Even yesterday, I found, in one of the leading religious 


guarterlies, Laplace called an “atheistic dreamer”! We wrote this paragraph as a 
protest against such imputations. 


l above all 
ind lr 

distances. 

4th, The deter t 3a function of 
the distances t rd Law a r from the 
theory of gravitat \ alt theoretical de- 
monstration ol 

As (38) what rlaw” is very 
much like Bod that the 
propriety of t this point 
in clear light we 1 toa ilar, 1 Lu btedly grander, 
case in the | 

The law of 17 S Was ¢ ( lerived from observation. 
It is empirical, \ t 18S, moreover, 
not exact, neithe rm nor in it imerical results, 
But neither is t Keple1 t, though, on ac- 
count of the ted herewith, this 
latter law agrees . of observation 
than Titius’s 

Newton discov | the t f ( law by deducing 
it from a higher that o ersa vitatio ‘Instead of 


Kepler's forn 


he 


Newton fou 


« being the c 
ets ; hence, 
(72) 

That is, Key tant ( to t sum of the 
mass M of th By farther 
analysis it is the masses 
and distance 

So also in 
Titius’s law 
the deviation 
is a necessary 
between the aband t nt i 
equal (see § 1: law, As Newton 
deduced and « 1 Kepler’s s law of equal gravila- 
tion, so we hay ( ‘itius by our 
law of equal 2 


system are 


284 H 
The principal » 
Ist, A si 
(71) 


G. Hinrichs on Planetology. 85 


We referred to (38) as our “law” because it is a consequence of 
our law, and certainly our formula; we did not intend to oblit- 
erate the merit of Titius, as will be seen wherever we have men- 
tioned his name. 

There is yet another circumstance which makes our demon- 
stration of the law of planetary distances so important. It is 
the touchstone of the nebular theory ; for as this ascribes the 
formation of the planets to the slow descent of cosmical matter 
to its center, it has to be proved that such descent will give 
exactly the actual system. Already Plato held that’ “the mo- 
tion of the planets is such as if they had been all created by 
God in some region very remote from our system, and let fall 
from thence toward the sun, their falling motion being turned 
aside into a transverse one whenever they arrived at their sev- 
eral orbits.” Galileo was the first who subjected this “concetto 
platonico” as he calls it toa numerical calculation based upon the 
laws of falling bodies as discovered by him. He finds an admir- 
able harmony between his calculations and the actual velocities 
and distances as they were known at his time." Next after him, 
Newton took the matter in hand, and in his third letter to Dr. 
Bentley he gives as his result, that it is impossible to account for 
the configuration of the system in the manner of Plato and Gal- 
ileo, This result is based upon his assumption of a vacuum. 
By taking the influence of a resisting medium into account, we 
have proved that the Platonic idea as embodied in the nebular 
hypothesis dces lead to the present configuration of the solar 
world. We make these remarks to show that the idea we advo- 
cate is old and venerable; we hope, at some other time, to give 
the highly interesting history of the law of planetary distances, 
including the application of the Phyllotaxis, (Pierce, Agassiz,) 
the radius of gyration, (Kirkwood,) the regular polyhedra, 
(Kepler, Plato,) ete. 

How grand and beautiful is the harmony of the planetary 
world! What an admirable unity of plan is manifested therein ! 
As now the planets are slowly sinking to the sun, so they have 
always been sinking since the moment of their creation as a neb- 
ulous mass; the same motion that now brings them nearer to 
their death has caused their formation, has brought them to life! 
And how sublime is the plan of creation! To call forth the 
harmonious system of the solar world with all its multiform as- 
pects and dependencies fit to support life throughout almost end- 
less ages—nothing but a collection of matter endowed with its 

7 Brewster, Life of Newton, Ch. 16. 

* Dialogo intorno ai due massimi Sistemi del Mondo, Tolemeico e Copernicano. 
Gjornata I, (ed. “vere, Firenze, 1842. Vol. i, p- 84-35.) He finds: le grandezze 
dei cerchj, e le ~c. citd dei moti s’accostano tanto prossimamente a quel che ne dan- 
no j computi, che é cosa maravigliosa. 

Am. Jour. Sc1.—Seconp Serigs, Vout. XXXIX, No. 117.—May, 1865. 
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This curve is not caused by mists in the atmosphere obscuring 
and revealing parts of an indefinite cloud. For the arch has 
] } 


little or no relation to the horizon, and cuts it at all angles. 

It is not a straight line, for the arch does not cut the horizon 
at points 180° from each other. 

The arch resembles the projection of a portion of a circle, or 
asphero-conic. The venerable Hansteen has in two instances 
seen at Christiana nearly the whole ellipse. Prof. Twining has 
observed, at Middlebury, Vt., in one instance at least, an arch in 
which the extremities of the major axis of the ellipse were vis- 
ible above the horizon. 
infer that, in general, the locus of the 
sarth’s surface. For the arch has the same 

laces, as will be seen in the diagrams of 
s naturally to the hypothesis of Hansteen,’ that the 
is a real ring, which in its normal form is parallel 
e, and is symmetrically placed about the mag- 
The dark segment is seen when we look beneath the 
» beyond. The bank of auroral light is a similar 
r more distant ring. 

The results of Prof. Loomis’s investigations respecting the 
geographical distribution of the aurora’ confirm and modify this 
conclusion. He shows that there is a narrow belt of an ellipti- 
cal form surrounding the magnetic and astronomical poles of the 
earth, and at a considerable distance from them, which is the re- 
gion of the greatest and most frequent displays of the aurora. 
It is reasonable to infer that an aurora of considerable intensity 
would naturally take a form symmetrical with this narrow belt 
of the earth’s surface. The portion of the curve which we see 
at any instant should be regarded as part of a circle whose cen- 
ter is the center of curvature of the nearest portion of this belt. 

To obtain the parallax of the auroral cloud, observations at 
two distant stations have been necessary. These have to be 
made upon a moving object, the time of whose appearance can- 
not be predicted. It is only by a happy chance that good ob- 
servations can be secured. If the height can be computed from 
measures made ata single station, a great advantage is gained. 
A second observer is not essential, if the position and shape of 


) 


the auroral cloud is assumed to be as described above. 
The distance on the earth’s surface from the observer to the 
center of curvature of the nearest portion of the belt of frequent 


auroral displays can be measured. Represent this by d. Let 
the apparent altitude of the auroral arch be , and its amplitude 
on the horizon be 2a. Let x be the height of the auroral cloud 
‘ Mémoires de Académie Royale de Bruxelles, tome xx, p.118. See also 
Marsh, this Journal [2], xxxi, 311. 
* This Journal [2], Xxx, 59, 


from the eart 
server to t 
cloud which 
like mann 
of the arch s 


and since 

angle, and 

From thes 

in terms of 
From (1) 


cos (d —b)=— 


Kquating 

cos d+-sin ta 
But cos d 
ing by sil 
have 


Reducing, 
Hence, to 


earth’s surfa 


and 


['o apply t 
P} 


» 
au 


25 or 
Mr. Herrick 
Haven, exc 
Bradley at ‘ 
Auroral Res 
isters will { 
lished by the 
d is assun 
from New H 
lowing tabl 
apparent 
puted values 
In select 
omitted th 
tent is then 
of which tl 


t OD- 

t of the 
nce in 


yve the 
celected 
IGUL 

Jims 


the 
served 
CU 
[ hav 


288 H. A. N i arches 
| 
trl 
y nd 
a‘ 
} 
(4) 
|| 
l at New 
1 by Mr. 
[hese Reg 
( 1e Ol 
ntai 
4 ‘ 


H. A. Newton on the height of Auroral Arches. 289 


Table of the observed altitudes and amplitudes of auroral arches, with the computed 
h 
Dat Altitude. Amplitude Observer 
March 27, 1781 664 165 538 Stiles 
Sept. 21, 1840 10-12 120 52-68 84-109 Herrick. | 
| March 6, 1843 5-8 100 42-§ 67-133 m 
April 18, 1845 8 100 s 133 « 
April 27, 10 90+ 155 250 - 
Oct. & * 8 100 | 83 133 Bradley. 
Oct. 19, 1846 8-10 g0+ 165-214 266-345 “ * 
Dec. 5 5U | | 152 Herrick. 
May 15, 1847 1-8 80 | 142-165 228-266 “ 
June 5 50 281 452 
Aue. 4, 60 154 248 Bradley. 
7 ) 158 
Sept. 29, * 10 70-80 } 990-214 467-845 Herrick. 
Nov. 25, « 10-15 100 | 111-183 179-295 “ 
May 18, 1848 7-9 T5t | 168-222 270-358 
Oct. 23, “ 5-¢ 70 | 184-165 215-266 Bradley. | 
March 18,1849 10-15 100 111-188 179-295 Herrick. | 
April 6,1850, 10-12 90 | 155-193 250-310 | Bradley. 
Feb 18, 1851 93 120-1380 | 154-104 248-168 “ 
March 18, 7’ 12 12 65 109 Olmsted. 
se } t ya 5 118 190 = 
Sept. 29, 1852 10-15 100 } 111-1838 179-295 Herrick. | 
March 26, 1860 6+ 90+ | 80 129 Bradley. 
March 27, “ 10 90-100 | 155-111 250-179 ” 
July 10-12 100+ 111-140 179-226 “ 
Aug. 12, “ 5 90+ | 62 100 “ 
“ 44 9 + 98 158 | 
Aug. li, “ 8 100+ 83 133 


The average height as indicated by the table is 134 miles, or 
915 kilometers. ‘he observations were not taken with refer- 
ence to the use here made of them, and the results can there- 
fore be regarded as only approximately correct. Mr. Bradley 
informs me that his method of determining the amplitude of the 
auroral arch was to place himself with his face directly towards 
one end, and then compare the amplitude with the are of 90°, 
which was easily estimat d. He was ace istomed to consider the 
curve of the arch as continued down until it cut the horizon. 


This method of determining the height of the auroral arch is 


impe rfeect in that it suppose s tor it a F1VE n regular form. In fact 
the auroral cloud is usually more or less irregular. Yet in view 


of the very great difficulties in securing good observations for 
parallax at two stations, the method is believed to possess very 
lecided val both independently, and as a check her 
agecided value, both independently, ana as a CHCCK upon other 
measurements. It furnishes moreover the means of determining 
not only the magnitude of the auroral cloud, but also the 
breadth and height of the streamers which often rise from the 
arch-shaped mass of light. 


Yale ( ollege, March 18th, 1865. 
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ite rocks, as laid down by the federal geologists, is presented in 
their map of the district between Keweenaw Bay and Chocolate 
River, to which reference can readily be had without encum- 
bering these pages with a verbal recital. 

The metamorphic or Azoic rocks, consisting of gneiss, horn- 
blendie, talcose and chloritic slates, and beds of argillite, no- 
vaculite, quartzite, conglomerate, saccharoidal marble and crys- 
talline limestone, were described as existing under conditions of 
great displacement, and displaying evidences of metamorphism, 
particularly in vicinity to the line of contact with the granite 
or igneous outburst. The occurrence of granite within the area 
of their distribution was recognized in the form of intrusive 
masses, while the greenstones and some of the schists, both fol- 
lowing the general stratification, were regarded as trappean 
overflows, the former as an igneous product, the latter as pul- 
verulent greenstone in the form of volcanic mud. The iron- 
ores of this series of rocks were described as alternating with 
the trappean ridges in the form of intrusive masses, and the re- 
maining phenomena of their dissemination in many rocks of the 
series, were ascribed to processes of elimination and mechanical 
admixture prevalent during the accumulation of the original 
sediments. This explanation was believé d to meet the mode of 
occurrence of the larger masses, which, at the time it was pro- 
posed, had not been extensively uncovered, and manifestly, as 
appears in the concluding paragraph of the chapter on iron-ores,” 
was not meant to be extended to beds of specular and magnetic 
oxyds of iron included within metamorphic strata, with a con- 
formable range and dip, which indeed the federal geologists ex- 
plicitly state their disposition to regard as the result of aqueous 
deposition. 

The oranite belts were defined in general terms to occupy an 
area of more than 2000 square miles, and, within the boundaries 
of Michigan, to be developed in two distinct ranges or spurs, of 
which the northern, including the Huron Mountains, forms the 
coast between Presqu’isle and Granite Point, and expands west- 
ward to a width of 25 miles. Along its southern intersection 
with the metamorphic series—its longest direction—it is laid 
down as continuous for sixty miles. It is separated by a zone 
of metamorphic rocks of some fifteen miles in width, which em- 
braces the present iron industry of the region, from the southern 
belt, which is of very irregular outline, though nearly parallel 
for a distance of 36 miles along its northern intersection with 
the metamorphic belt. The large expanse of crystalline rocks 
occupying the undeveloped tract of the northern part of Wis- 
consin, stretching across the head waters of the Mississippi to 


* Foster & Whitney, ibid, 68. 
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two systems of rock, thus far present ted. It has not been claimed 
for the information upon the geological structure of the region 
in question, that the relation of the Azoic series with the granite 
ranges, has been established a salbibves or definite data. This 
must continue to remain an open question until it is decided by 
patient and careful observations, facilitated by the development 
of the district, which, up to within a short period, was almost 
unvisited by white men, and still presents formidable physical 
obstructions to the work of geological « xploration, « scarcely less 
in degree to those experienced by the Land District Survey, 
and explained in the report Foster & Whitney. The 
ares ction of attentior ad region, so-called, 
or the Huron Mountains 
scure region during the 
roads, and the commencemen 


recent ¢ 


somewhat to open this ob- 
ner, by the layi 1g out of 
ng operations. Although 
‘explored during the past 


the district has been pretty tl 
g adventure, 1t has engaged no partic- 


season in a spirit of minin 
ular study with a view to scientific results. It is proper to state, 
however, th . 
obtained at Marquette, the metamorphic character of the North- 
ern range is demonstrated by numerous instances brought to my 


notice, of the extensive development in that region of ortho- 


at upon the evidence olf explorers and collections 


clasic gneiss—often granitoid, quartzite, massive fi ldspars, tal- 
cose, hornblende and chlorite slates, seams of graphite and mag- 
netic iron ore. My own observations in the Iron region im- 
pre ssing me with the indigenous character of the larger masses 
ol diorite an | granite re presented within the detined area of the 
metam rpnHic strata, and their entire distinctness from intrusive 
dykes or erupted masses, and concurring in the recognition of 
these strata by Mr. Murray as Huronian, [am dis} osed to regard 
the entire region as of metam rphic character, all of whose Jar- 
cer masses Ol crystalline rocks are indigenous, and to be divisible 
into the two formations, Laurentian and Huronian: the former 
formation probably forming the surface of the areas known as 

ies, With mi- 


the granite ranges, while the latter probably occupies, 
nor deviations, the limits laid down for the crystalline schists 
comp yrehended under the name of Azoic 

his view is fortified by the fact that the Huronian or Azoic 
series is interposed between the granite or Laurentian rocks and 
the Potsdam te Ph thus bringing the Laurentian in its prop- 
er place below the Huronian; while the only argument milita- 
ting against it is the observation by Mr. S. W. Hill, of intrusive 
granite at one poi int cutting the slates near their southern line of 
intersection with the main granite, whence is derived the infer- 
ence that the slates antedate the granite. ‘he indigenous char- 
acter of the greater part of the granite, however, throughout its 
Am. Jour. Vou. XX XIX, No. 117.—Mary, 1865. 
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angular fragments of hornblende and chlorite slates, jasper and 
a green magnesian mineral.’ It seems not unlikely that this 
rock in its further distribution may possess more decidedly the 
characters of a conglomerate, and accordingly the more closely 
bear out the lithological analogy between the lower members of 
the Huronian series near Marquette, and their well ascertained 
characters north of the great lakes. 

The hornblendic beds are succeeded by thick beds of pure 
quartzite displaying ripple marks, passing into quartziferous con- 
glomerate on the one hand and siliceous slates on the other. 
The more massive beds of this description form a prominent 
feature of the country through their outcrop in an east and west 
ridge traversing the middle of the Azoic or Huronian area. 
They dip at high angles to the south, though numerous less ele- 
vated beds dip to the north. They are associated with greenish 
hornblendie slates and more or less crystalline diorite, and at 
their base with bands of dolomite somewhat siliceous and highly 
altered. Overlying this quartz zone, the probable equivalent of 
the Upper slate conglomerate of the North Shore, occur tal- 
cose, argillaceous and siliceous schists interstratified with specu- 
lar iron ore, earthy red hematite and specular conglomerates, the 
latter resting immediately upon thick masses of hornblende rock 
blending into bedded diorite and hyperite on the one hand, and 
on the other into chlorite schists, and siliceous serpentines. At 
some points a dark colored quartzite resembling greisen except 
in the presence of hornblende instead of mica, and clearly of 
detrital origin, next underlies the ore beds. 

Possessing the same stratigraphical conditions as the schistose 
rocks, while many varieties of them are represented in the 
schists by their exact counterpart as to composition, the crystal- 
line Huronian rocks must be regarded as essentially metamor- 
phic, while in a comprehensive view of the whole series it is 
seen that together with variable conditions of deposit, it indicates 
variable degrees of local metamorphism.’ Plentiful evidence 
exists of the blending of a rock of one character into that of the 
other, or the continuity between crystallized and schistose beds. 
The diorites and hyperites of this region are never porphyritie, 
but on the contrary are so fine-grained as rarely to admit of the 
mechanical separation, or even the identification of their in- 
gredients. 

Besides the indigenous crystalline rocks distributed through- 
out the Huronian series, exotic or intrusive crystalline rocks are 
met with, but only in the form of dykes, and limited to a nar- 
row distribution. The numerous elevated protuberances and 
ridges of granitoid gneiss, rising above the uppermost Huronian 

° Foster & Whitney’s Report, ii, p. 18. 
* Compare Foster & Whitney’s Report, ii, 16. 
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no evidence in support of Mr. Rivot’s assumption thatthe green- 
stones associated with the hornblendic schists of the Marquette 
district are, like the copper-bearing rocks of Keweenaw Point, 
“traversed by veins containing copper and native silver.” On 
the contrary, the vein phenomena of the crystalline schists form- 
ing the Azoic belt of Marquette county, are decidedly character- 
istic of the Huronian series, the lodes of which carry the sul- 
phurets of copper unaccompanied | yy silver, and are altogether 
without the distinctive properties of the native copper lodes of 
Keweenaw Point. Second: The Paleozoic strata among which 
the greenstones of Keweenaw Point are intercalated c onformably, 
and within the sectional de ge sees of which they are included, 
rest unconformabl y upon the crystalline schists of f the Ms arquette 
district, and hence the stratigraphic al 1¢ ‘de *ntity between the rocks 
of these two districts, inferred by Mr. Rivot, is clearly out of the 
question. Third: The difference between the rocks composing 
the Bohemian Mts. and the superincumbent series is one merely 
of special lithological characters, and not one of general struc- 
ture as assumed by Mr. Rivot. The syenite of Mt. Houghton 
has recently been found by Mr. W. H. Stevens, of Copper 
Harbor, to be intercalated upon the Reliance location with sev- 
eral massive beds of sandstone, conglomerate and amygdaloid, 
thus establishing uniform conditions of composition and _ struc- 
ture to prevail throughout the entire series of the north-dipping 
copper-bearing rocks of the South shore. 

Mr. Rivot was one of the first to assert the metamorphic char- 
acter of the greenstones of the Marquette district, and, upon 
srounds of structural ee alone, opposed the generally re- 
ceived opin Lion that the bedded syenites, diorites, dole rites, chlo- 
ritic, zeolitic and epidotic amy gdaloids, and so-called traps of 
the copper-bearing series, are erupted masses, having originated 
from successive overflows during the accumulation of the Paleo- 
zoic sediments in a horizontal position. Notwithstanding the strat- 
io rraphical arrangement of this series upon the South shore en- 
tire ly bears out the theory of their metamorphic origin, certain 
observations of the Geological Survey of Canada upon the North 
shore tend to strengthen the view advanced by Messrs. Foster 
& Whitney.” If the explanation of trappean overflows on 
Thunder Bay, resting upon the authority of Sir William Logan, 
be confirmed by future investigation, the North shore must be 
regarded as the geological type of the Lake Superior country, 
and the absence of similar phenomena upon the South shore at- 
tributed to effects of denudation. If, on the other hand, the 
trap pean ove srflows of Thunder Bay be found disconnected with 
the lower traps of the Upper copper-bearing series, but be as- 
certained really to belong to the system of dykes which traverse 


Geol. Survey of Canada, p. 70. 
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ridges, as well as upon their summits, and are invariably revealed 
by the removal from the surface of a rock of the alluvium and 
glacial drift by which it as been effectually protected. It is only 
in the outcrop of fissile schists that these appearances are want- 
ing. The dense vegetation and the undisturbed covering of 
drift, aided by the de ep snows of winter, almost entirely prevent 


the weathering of the rocks, so that the phenomena ot glacial 
action are exhibited in this region 1n uncommon perfection. 
Fragments of rock occurring near by én situ, and boulders of 


specular iron are scattered throus shout the drift, which here gen- 
erally in fact appears to be made up of material derived from 
the immediate region, as seen espe cially in the circumstance that 
tis exceedingly ferruginous, while the source of the iron as a 
letritus is evidenced by its exclusive presence as anhydrous 
Sesq yd. ore ion boulders of gneiss occur however, consid- 
erable in size and number within limited areas of distribution. 
The position of the beds of specular iron ore has already been 
stated to be at the top of the Huronian series as developed in 
the Marquette region, and it has also been remarked that they 
are int cicehided with taleose and argillaceous schists. Sharing 
the plications of the entire se ries, these specular schists, as they 
may properly be calle d, are ac ording]y folded into synclinal ba- 
sins and anticlinal crests—of which the axes in the case of the 
former lie below drainage, in the bottom of the valleys, and in 
the case of the latter are commonly obliterated through the ero- 
sion of elevated outcrops. Hence their outliers have been chiefly 
preserved along the flanks of the ridges where they have been 
the least exposed to the agencies of denudation, protected as they 
were against a drift current coursing not with the valleys but 
obliquely across them, by the elevated outcrops of their under- 
lying rocks from the summits of which however they have been 
abraded. The denudation has been most extensive upon the 
purer specular schists and the earthy red hematites, while the 
only ¢ xceptions to these conditions of er s10N and preservation 
as already given, occur with specular schists which acquire from 
their composition a refractory structure, or from their mode of 
deposit, the property of resi sting the effects of a sweeping de- 


The bosses of specular-iron—the iron-knobs or mountains, as 
they are called—are the most striking examples of exception to 
the general effects of denudation already noticed. They are in- 
stances of the preservation of the anticlinal crest, and owe their 
permanence to the fact that they are made up, not of pure and 
soft specular s« ohists, but of specular iron ore closely interlami- 
nated with quartz or jasper—a structure capable of resisting de- 

nuding action to a far greater degree than the homogeneous 

t f jasper alternating with pure specular 
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power of resistance in the arch is strikingly illustrated ; for while 
the crest itself remains perfect, the same strata have been much 
disrupted and displaced as they pass out of the arch and change 
their curvature. The upper laminated portions are exceedingly 
wrinkled, and the heavy beds broken and doubled. Under these 
circumstances of displacement but one or two of the heavier 
beds of argillite are exhibited above the grade of the railroad; 
and while these, through scales or plates retain marks of strati- 
fication so as to expose their true character, they have been 
sharply folded and collapsed, and by their nearly vertical posi- 
tion have the appearance of intrusive masses. The central por- 
tion of the cutting—that is, the undisrupted strata—is traversed 
by asystem of parallel joints which the disrupted portions are 
without. Several segregated veins of quartz with limonite oe- 
cupy the divisional planes of stratification. 

Other sectional cuttings in the several mines or quarries dis- 
play more or less completely the stratification and undulations 
of the hematites in common with the Huronian schists of this 
region, and show conclusively, if further testimony were requisite, 
the existence of the iron ore under the same conditions of de- 
posit and secondary modification as the schists with which they 
are associated. In the Jackson mine, for instance, occur two 
bosses or short anticlinal folds, while in the Lake Superior mine 
a perfect synclinal flexure is exhibited. 

Beds of specular conglomerate are of frequent occurrence 
throughout the Iron region of Northern Michigan, consisting 
of a paste of specular peroxyd of iron, through which are dis- 
seminated fragments of jasper, and rounded pebbles of specular 
iron ore which usually differ from the paste in texture, a differ- 
ence very perceptible among ores of any one class even within 
narrow limits of distribution. ‘These conglomerates not unfre- 
quently resemble breccia in the angularity of the jasper frag- 
ments which they contain; but the pebbles of specular peroxyd, 
although sometimes obscure in a matrix of the same material, 
commonly serve to indicate the detrital origin of these beds. 
That they are derived from local detritus is evident from the 
fact that the jasper fragments are not rounded, while the particles 
of softer specular iron ore are worn but slightly. They seem to 
be of littoral formation and to have been derived from dismem- 
bered and crumbled deposits of successive laminz of jasper and 
iron ore—similar to those deposits distinguishable in the bosses 
of the region. The specular conglomerate invariably exists un- 
der circumstances of true bedding, and is traversed by parallel 
joints splitting the imbedded pebbles. It occurs interstratified 
with taleose and argillaceous schists quite as regularly as the 
homogeneous ores. ~ As would naturally be expected, the specu- 
lar conglomerates, owing to their enduring composition, have re- 

Am. Jour. Sc1.—Srconp Serizs, XXXIX, No, 117%.—May, 1869. 
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conjunction commonly existing wherever bedded greenstones, 
and isolated silicates occur together as sedimentary products of 
the decomposition of compound silicated rocks. ‘I'he peculiar 
green slates which have a large development in this series, are 
intermediate in composition between clay slate and hornblende 
slate, and together with the talcose and chloritic slates, with 
which they are interstratified, are probably products of such a 
decomposition in the wet way of the same crystalline sediments 
which entirely or less undecomposed have gone to form those 
greenstones which constitute members of the same series. Effer- 
vescence with acids of some of the green slates in common with 
many of the greenstones of the series, together with the presence 

large amount of lime and magnesia, was pointed out by 

‘s. Foster & Whitney, as indicating the characters of a pul- 
creenstone—the schalstein of German ceologists.”? The 


of carbonate of lime in many of the schistose rocks 


‘this region must be regarded as generally due to the decom- 
position of silicate of lime in the silicates of the primary crys- 
talline sediments whence they are derived, although in a few 
special instances it may have been derived by the subsequent 
conversion of greenstones into schalstones, or by infiltration from 


) 


superincumbent calcareous strata. Chemical reactions in crystal- 
line sediments resulting from the disintegration of crystalline sil- 
icated rocks, and operated upon by carbonated waters, are amply 
capable to have produced the lithological conditions of augitic 


rocks, clay-slates, schalstone, and other schists, together with 
he oxydized ores of iron intercalated with greenstone among 
ancient crystalline rocks of North America as well as 
Europe—as shown by Bischof” in pronouncing the Neptunian 
characters of these rocks. Froma stratigraphical point of view, 
while evidence is elsewhete often obscure, the Huronian green- 
stone, schists and iron ores of Northern Michigan, in the absence 
of close attention to their special chemical conditions, exhibit 
sedimentary and metamorphic phenomena adequate to render 
quite untenable, it is believed, the theory of the exotic character 
of any portion of them. 
New York, Dec. 19th, 1864. 
" Report of the Geology of the Lake Svperior Land District, ii, 17, 93. 


'8 Bischof, Elements of Chemical and Physical Geology, London, 1854-59, vol. 
] 55. Volger, Studien zur Entwicklungsyeschichte der Mineralien. Zurich, 
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ture of the telescope to five inches for the full moon, I was en- 
abled to produce negatives which would bear an enlargement to 
five inches or fifty diameters. An impression of a sixth magni- 
tude star was never obtained, 7 Virginis, then 8” distant, was 
the closest pair the duplicity of which could be measured on the 
collodion plate. The ring of Saturn and the belts of Jupiter 
were plainly visible, but entirely unsatisfactory. An image of 
Juy piter could be obtained in from 5 to 10 seconds e x posure, but 
the satellites failed to impress the plate in any length of time. 
This was due to the uncorrected condition of the objective which 
diffused the violet rays overa large space, so that in the case 
of the planet each point of the picture was influenced not only 
by the ray due to that point, but by the stray beams from ad- 
joining portions of the object, and thus nearly the whole actinic 
force of the ob ective was oath red W ithin the dimensions of the 
image. In the case of the satellite the lost rays were not re- 
placed by the wanderers from any adjacent point. 

During the summer of 1858 I aren 9 d my first ste reograph 
of the moon, producing quite a satisfactory result with the low 
power of the stereoscope. I do not know when this was first 
done in England by Mr. De La Rue, but with me the idea was 
an original one. 

My greatest success with an uncorrected objective was in the 
pictures of the sun taken with about one-fiftie th of a second ex- 
posure, with the aperture reduced to oneinch. The negatives 
were four inches in diameter and exhibited _ spots with rea- 
sonable sharpness, the manifest difference in light between the 
enter and the edge, and under favorable bs the 
fuculee. Some of the negatives verify the observation of M. 
Dawes, that the faculz are elevations. 

In June, 1860, the sun’s disk was remarkably rich in spots, 
and I combined the pictures of two days to produce a stereograph, 
but the result was a failure and did not give the impression of a 

but presented the appearance of a flat uniform disk 


anned by a spherical net-work which seemed entirely ’ detached 


i 


from the disk. T! his is attributable to a want of sufficient detail 
on the surface of the sun. 

During the year 1859 and for a lot 
binations of lenses to be inserted in the tube between the object- 
ate with the view of correcting the photographie 


] 
+ 


19 time I worked with com- 


ive and the 
ray. This 


i } 
at empt succeeded well so far as the center of the 
field was concerned, but it was impossible to produce a good 
correction over a space equal to the area of the image of the 


moon, without using a corrector of inconvenient size. 

In 1860 I prepared a telescope with camera and instantaneous 
apparatus mounted equatorially to send by the U. 8. Coast Sur- 
vey Expedition to doeaies for the observation of the eclipse. 
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lum at least every ten days, a labor not to be contemplated with 
equanimity. Dr. Draper has found the silver surface very much 
more durable in the dry, pure air of the country. I regard the 
Cassegranean form as the best adapted to lunar photography, 
since the dimensions of the image can be varied at will, as cir- 
cumstances dictate, by simply changing the small mirror, a 
number of which might be |] kep yt at hand. 

Having thus failed in astronomical p hhotography with an or- 
dinary achromatic, with a correcting lens and with a reflector, I 
began, in the autumn of 1863, the construction of an objective, 
to be corrected solely with reference to the photographic rays. 

In a former communication to this Journal, Jan. 1863, I drew 
attention to the peculiar adaptation of the spectroscope as a 
mM ‘examining the achromatic condition of an objective, 
ind since it was principally by the aid of this instrument that I 
have been enabled to procure a fine photographic correction, I 
may be pardoned for touching again upon this app lication. 

‘The image of a star at the focus of a perfectly corrected ob- 
jective would be a point, the apex of all conceivs able cones hav- 
ing the object glass, or parts of it, as the bases. This point fall- 
ing upon a prism would be converted in a line red at one end 

at the other with the intermediate colors in their 
laces. If, however, the different colored rays are not all 
brought to the same focus, the spectrum will no longer be ¢ line, 
but in the uncorrected colors will be expanded to a brush the 
width which will be the diameter of the cone where inter- 
pted by the prism. It will thus be seen that a simple glance 
at a star spectrum will indicate at once what parts of the spec- 
L are D yunded by parallel] lines and consequently converged 
a it, and what parts do not conform to this condi- 

tion, and also the amount of divergence. 

On applying this test ound that an objective of flint and 
crown in which the isu: was united with the photographic 
focus, (in other words, where the instrument could be focalized 
ona plate of ground glass by the eye, as in ordinary cameras, 
and in the heliographs constructed by Dalmayer for the Kew ob- 
servatory and for the Russian government), is a mere compro- 
mise to convenience in which both the visual and actinic qualli- 
ties are sacrificed. 

In order to bring the actinic portion of the spectrum between 
borders, i.e. to one focus, it is necessary that a given 
ens should be combined with a flint which will produce 
a combined focal length about one-tenth shorter than would be 
required to satisfy the conditions of achromatism for the eye, 
and in this condition the objective is entirely worthless for 
vision. 
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nitude stars with so moderate an aperture promises to develop 
and increase the application of photography to the mapping of 
the sidereal heave 1s, and in some measure to realize the hopes 
which have so long been deferred and disappointed. : 

It would not be difficult to arrange a camera box capable of 
exposing a surface sufficient to obtain a map of two degrees 
square, and with instruments of large aperture we may hope to 
reach much smaller stars than I have yet taken. ‘There is also 
every probability that the chemistry of photography will be very 
much improved, and more sensitive methods devised. 

On the 6th of March, the negatives of the moon were remark- 
ably fine, being superior in sharpni to any I have yet seen. 
The exposure for that phase, three days after the first quarter, is 
from two to three seconds, and for the full moon about one- 
quarter of a second. 

The success of this telescopic objective has encouraged me to 
hope that an almost equal im} rovement may be made for pho- 
tography in the microscope, which instrument is more favorably 
situated for definition than the telescope, since it is independent 
of atmospheric conditions. Its achromatic status is easily exam- 
ined by the spectroscope, using as astar the solar image reflected 
from a minute globule of mercury. Mr. Wales is now con- 
structing for me a one-tenth objective, which, upon his new plan, 
is to be provided with a tube so arranged as to admit of the 
removal of the and, in place of one or- 
dinarily used, one is to be substituted at will which shall bring 


to one actinic rays. 


Art. XXXVIIL—Notes on Coal and Iron Ore in the State of 


Guerero, Mexico; by the late N.S. Manross. (From an un- 


d near the Pacific coast, 
Mexico, extending 170 
t ‘ ‘ l niles from the coast. 
We have not succeeded in proving that true coal exists in 
this part of Mexico. » reported localities which we ex- 
amined, the first, that of Chilpaucingo, proved to be a bed of 
soit and } eaty brown 6 al, which might answer perhaps for local 
oses, but would not bear transportation. ‘The second, near 
letamo, was an irregular vein of asphaltum resembling the 
‘ Albert Coal” of Nova Scotia. The slates here bore a strong 
resemblance to those of the Coal-measures. Other rumored de- 
posits in Tempantitlan and Los Nuevos turned out to be in one 
one, and in the other black tourmaline. The people 
I.—Srconp Serigs, Vor. XXXIX, No. 117.—May, 1865. 
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The country around is well wooded and nearly level from this 
place to the Pacific. 

The fifth, and, all things considered, the finest deposit we have 
seen, 1s situated near Chutla, on the road from Zacatula to Aca- 
pulco. It is not more than three miles in a direct line from the 
sea, and not more than six from a bay which affords a good and 
safe anchorage and landing. This dep sit extends along the side 
of a mountain for more than a quarter of a mi ile, is several hun- 
dred feet wide and affords masses of ore of all sizes from ledges 
down to pebbles. The highest point of the bed is about 150 feet 


above the adjoining plain. On the upper side the deposit is 
bounded by a thick bed of soft limestone, affording an easy sup- 
ply of flux. The ore is pure magnetic, and is the finest we have 
seen. The country around for many leagues has a fertile soil 


and is covered with dense forests of hard woods, which would 
produce an unfailing supply of the best charcoal. This location 
has special advantages in the quality and = itv of the ores, 
the convenie nee of fluxing materials and fuel, and the nearness 
of a good landing, with the whole of the Pacifi coast for a mar- 
ket. I see no reason why the best qualities of charcoal iron 
could not be produced here as cheaply as elsewhere, with the ad- 
vantage of freight and duties over any foreign competition in the 
supply of the Pacific coast of Mexic . and to a considerable ex- 
tent also of the interior. 

One other large deposit of iron was passed over, on the shore 
between Petat lan al nd \ Oy us Cul illa. It is a hill of large blocks of 
ore, situated immediately upon the shore, and beaten by a heavy 
surf. ‘The ore was not seen in place, but the qu: untity was suf- 
ficient to show that a very large bed of it exists in the hill. 
The beach fot several miles was blackened by sand derived from 
the disintegration of the ores. 

We ee information of — r large deposit of iron ore, 
near the Hacienda of General Alvarez, which we may pe rhaps 
see on our way to Mexico. 

The occurrence of so many and so rich deposits of iron, so 
widely distributed over the country, is interesting, from the as- 
surance it gives that, whenever coal shall be discovered, there 
will be no want of cen ore within accessible distance of it, 

Next to iron, copper appears to be the most abundant metal 
in this portion of Mexico. I shall defer to another occasion a 
description of the many localities of this metal which we have 
seen. One mine, that of Inguaran, has been worked since the 
time of the conquest, and is still producing well, though worked 
without the aid of machinery. Others in the same neighbor- 
hood, said to be equally rich, are entirely idle. The speci- 
mens and information which we have collected are sufficient to 
convince me that this portion of Mexico is one of the richest 
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strated, the influence of the sun upon terrestrial magnetism ; 
Seechi ascertained that “the diurnal excursion of the needle is 
the sum of two wong excursions, of which the first depends 
solely on a horary angle, and the second depends, besides, on 
the sun’s of as Mie * and that “all the phenomena hitherto 
known of the diurnal magnetic variations may be explained by 
supposing that the sun acts upon the earth as a very powerful 
magnet at a great distance.” 

‘This hypothesis has been objected to, on the ground that it is 
difficult to understand how any conceivable intensity of solar 
magnetism, by its simple induction, could produce so great a 
disturbance as is daily observed. Therefore it will prob ably 
follow the fate of the earlier ones, which attributed terrestrial 
magnetism to one or more powerful magnets lying nearly in 
the line * the earth’s axis, while Barlow’s idea that the mag- 
netism 1s sup rficial, and in some manner ind sig * will still re- 

in in the ascendant. Secchi’s conclusions are, however, none 

less interesting, and from the fact that magnetism is, like 
gravity, a central force, varying inversely as the square of the 
distance, they lend encouragement to those who are endeavoring 
to find new evidences of the unity of force. 

My own experiments and researches have led me to the belief 
that all magnetism is a simple reaction against a force which dis- 

molecular equilibrium, that the numerical equivalent of 
magnetic force is therefore equal and opposite to that of the 
force, (+ M=+ D), and that all the phenomena of 
magnetism result from tidal and thermal changes in 

‘estrial gravitation, 

sullivan’ and Reinsch’ have pointed out the effect of musical 
vibrations upon the magnetic needle, and I have shown the con- 

ling influence of a purel, mechanical polarity.” A careful 
examination of the polarizing thermal and rotation currents,’ 

show that the spirals, which they have a tendency to pro- 
duce, are qu 1asi horizontal cyclones, one set flowing in a nearly 
constant direction alone the magnetic meridian, and the other 
toward the momentarily shifting solar meridian. From an in- 
vestigation of these currents and a comparison of various obser- 

vations, I have deduced the following theses 

I. The daily magnetic variations, though subject to great dis- 
turbances, at different hours, show an — approximation to 
the differences of the gravitation-tidal currents. 
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* Phil. Mag. [4], viii, 396. * Thid. ix, 452 * Phil. Trans., 1831. 
* See De la Rive’s Electricity, ii, 635 * Phil. Mag. [4], xiii, 222. 
* Proc. A. P.S., ix, 359. * Ibid., p. 367 seq. 
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the lunar by A”, the respective barometric disturbances by B’ 
and B”, and the magnetic disturbances by M’ and M”. If M’ 


’ 
and B” are required, we have 
Theoretical values, (00012 *00144 
Observed 2°58 00057 (00013 °00140 ‘0000255 


VIII. The theoretical gravitation-variation of magnetism 
(Prop. IV) is slightly less, while the theoretical barometric vari- 
ation (Prop. VII) is slightly greater, than the corresponding ob- 
served varit ition. The excess in one case exactly counterbal- 
ances the deficiency in the other, the sum of the theoretical be- 
ing precisely equal to the sum of the observed variations. 

IX. The total daily magnetic variations, like the barometric, 
can be resolved into a variety of special tides, which may be 
severally expla ined by well-known constant or variable current- 
producing and weight-disturbing forces. 


A B A+B 
Hours Theoretical Theoretical Theoretical Observed | 
from Gravitation Ditferential Mean Mean | 
Midnight ride s r Tid Tide Tide | 
0 — ‘00067 + 00024 —*00043 — “00043 
6 ‘00000 — ‘00024 — ‘00024 —*000234 


12 +:00067 +-00024 +-00091 +:00095 


The hours are counted from midnight, in each half-day. 

Column A contains the hourly differences from mean weight, 
attributable to solar gravitation, with changed signs; diminution 
of weight being accompanied by increase of magnetism, and 


The form of the tide in column B is evidently such as should 
be determined by solar action, The magnitude of the tide is es- 
timated by comparing the relative amounts of motion down the 
diagonal and ion the are of a quadrant (‘00067 x [1—( t—)] 


The mean-tidal difference | (‘00067 — 00048) 22] 18 
very nearly equivalent to the average theoretical inertia-disturb- 
ance of weight. The ati nospheric inertia at St. Helena, (regard- 
ine the fluctuations as uniform between successive hourly obser- 
vations, yy yroduces = itions of 59’, 85’, 26’, and ol’, at Oh, 64, 
125 and gb. re spe ctively. The mean retardation is 50’, or “s 
of a half-day. The ents il daily gravity-variation being 
‘00134, the average variation in ~, of a half- day i is ‘OO0C 91} , the 
mean tidal difference being ‘O00004. 

The consideration of the moon’s disturbance of the atmos- 
pheric gravitation is compli cated by the magnitude of its differ- 
ential attraction, the p sition of the center of gravity of the ter- 
restrial system, the varying centrifugal force, and other circum- 
stances involv ai in the lunar theory. Still there are indications, 


in the following synopsis, of the influence of gravity, sufficiently 
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T. XL.—On the Origin and Formation of Prairies; by LEO 
LESQUEREUX. 


THIS paper is intended as a review of Prof. Winchell’s new 
theory on the origin of the prairies of the Mississippi Valley,’ 
and as a defense of my own views on the same subject.’ I shall 
therefore omit all details relative to the surface of prairies, their 
conformation and appearance, and their geological and geograph- 
ical distribution, since these details do not directly concern the 
elucidation of the question.* 

From the brief mention made of my opinion concerning the 
formation of prairies, it appears to have been misunderstood 
by those who have quoted it, or rather it was entirely unknown 
tothem. For this reason it is advisable to first expose, as they 
were originally given, the essential points of a simple explana- 
tion, which* does not merit to be spoken of as a theory. I 
merely translate from my letter to Professor Desor: 

“You well know that prairies are at our time in process of 
formation along the shores of the Lakes :—Lake Michigan, Lake 
Erie, etc. and also along the Mississippi and some of its afflu- 
ents, especially the Minnesota river. ‘The formation of these 
recent prairies, whose extent is not comparable to that of the 
primitive ones, is peculiar, and has a great analogy to that of 
peat bogs. Where the waves of the lakes, or their currents, 
strike the shores or the low grounds, and heap materials, such 
as sand, pebbles, mud, etc., they build up more or less eleva- 
ted dams or islands, which become covered with trees as soon 
as they are raised above water. These dams are not always 
built upon the shores, and do not always even follow their out- 
lines, but often enclose wide shallow basins, whose water is thus 
sheltered against any movement. There the aquatic plants, 
sedges, rushes, grasses, soon appear, and these basins become 
swamps, as may be seen near the borders of Lake Michigan. 
Though the forests may surround them, the trees do not invade 
them, even when the swamps become drained by some natural 
or artificial cause. 

“ Along the Mississippi and Minnesota rivers, the same phe- 
nomenon is observable, with a difference only in the process of 
operation. During a flood. the heaviest particles of mud are 
deposited on both sides of the principal current, along the line 
of slack water, and by repeated deposits, dams are slowly formed 


* This Journal [2], xxxviii, 332. 
* Letter to Prof. Desor in Bull. de la Soc. des Sci. Nat. de Neuchatel, Dec. 1856. 
* Prof. Whitney in the 1st Chap. of the Report of the Geological Survey of the 
State of Iowa has given a clear and very accurate descriptive account of the prairies. 
Am. Jour. Scr.—Seconpb Series, Vou. XXXIX, No. 117.—May, 1865. 
41 
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that is, when stagnant water, remaining at a constant level, has 
been invaded by the Sphagnum. By their absorbing power, their 
continuous growth and the rapid accumulation of their remains, 
these mosses slowly raise the surface of the bogs above water, 
and it is then, in this loose ground, constantly humid but accessi- 
ble to atmospheric action, that the tamarac appears.* 

‘‘ Now, let us examine the prairies according to this idea of 
their formation, and see if, from the first trace of their origin to 
their perfect completeness, there is any thing in their local or 
general appearance which is not explained by it or does not agree 
with it. 

“The bay of Sandusky is now in process of transformation 
into prairies, and is already sheltered against the violent action 
of the lake by a chain of low islands and sand-banks, most of 
them covered with trees since a long time, at least, judging from 
the size of the trees. All these islands are built up with the 
same kind of material, that is, with lacustrine deposits, either 
moulded into low ridges under water, or brought up and heaped 
by waves and currents. Around the bay, especially to the 
southwest, there are extensive plains covered with shallow water. 
The bottom, in the depression toward the lake and where the 
aquatic vegetation is only at its origin, is sandy clay. But, in 
the more shallow places, the clay is already muddy and blackened 
at its surface by the detritus of the herbaceous vegetation which 
has grown upon it. Farther toward the borders, and in propor- 
tion to the shallowness of the water, the detritus thickens, and 
still farther, we have wet prairies, with exactly the same vegeta- 
tion as that of the lake swamps, and a black soil with a substra- 
tum of clay, the same materials also as those of both the deeper 
and more shallow swamps of the lakes. In receding from the 
borders of the lake toward the high prairies, the transition from 
wet to dry prairies is by so insensible degrees that it would be 
impossible to fix a point of separation between them. All the 
surface appearances are the same. Vegetation is here and there 
modified by the presence of some peculiar species of herbaceous 
plants, but nothing else. The homogeneousness of the soil is 
still more striking. There is the same kind of clay as subsoil, 
and this is overlaid by the same kind of black spongy mould. 
And if here and there you see knolls covered with trees, the 
cuts of the railroad show that the materials of which they are 
formed are a different compound from the ground of the prai- 
ries, even if they are scarcely elevated above the general level, 
and that they are of the same nature and of the same formation 
with those of the low wooded islands of the lake. 

On the borders of the numerous lakes which dot the high 

In my letter to Prof. Desor, this question is discussed at length. I have omif- 
ted here the details, as they are unnecessary for the elucidation of the subject. 
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then swamps, like those which at the present time cover some 
parts along the shores of Lake Erie, Lake Michigan, ete. Where 
this horizontality has disappeared, it is only by very slow de- 
grees, under the eroding action of water, which, in its slow 
movements, tends to follow every change of level, seek an out- 
let, and so establish channels of drainage. I have followed for 
whole days the sloughs of the prairies, and have seen them con- 
stantly passing to lower and well marked channels, or to the beds 
of the rivers, by the most tortuous circuits, in a manner com- 
parable to the meanderings of some creeks in nearly horizontal 
valleys. Indeed, the only difference is, that, in the high prairies, 
there is not a definite bed, but a series of swampe, extending, 
narrowing, and bending in many ways. The explanation ap- 
pears to me so natural, that I cannot understand how high prai- 
ries could ever be perfectly horizontal. Along the Jakes and 
in their vicinity, the horizontality is a necessary consequence of 
the primitive evenness of the bottom and of the proximity to 
water. ‘The level of the low prairies being scarcely above that 
of the lakes, their surface, after an overflow, becomes dry, rather 
by percolation and ev: apor: ation than by true drainage. But 
wherever the rivers have cut dee per ¢ -hannels,—as is the case in 
the north part of the Mississippi basin, where they run some- 
times from one to three hundred feet lower than the surface of 
the high prairies—the drainage has constantly taken place to- 
ward those dee »p channels, and the water, though its movements 
may be very slow, furrows the surface in its tortuous meander- 
oes From this, results that irregular conformation of surface 

enerally and appropriately called rolling. In Indiana and Illi- 
nois, in the vicinity of the Wabash river, for example, there 
are some high prairies whose surface is apparently horizontal. 
But these prairies, as at Terre Haute, are surrounded by a mar- 
gin of low wooded hills, and have originally been sh: low lakes 
of difficult and slow drainage. Moreover, their horizontality is 
rather apparent than nn ate parts of them are already 
dry enough to be cultivated and ploughed in the spring; some 
parts are used as wet eet al, and still others are covered 
with water and inaccessible. This apparent horizontality results 
from the great width of what we may call already channels of 
drainage. These will, by and by, contract and deepen, and thus 
the prairie become undulating. This opinion is in contradiction 
to what you say in your excellent paper on the drift of Lake 
Superior: that the irregularities of surface of the prairies have 
been caused by currents at the time when they were under 
water. If the ground of the high rolling prairies had beer 
prepared in advance, as you suppose, the prominent parts or 
the knolls would have been timbered like the low islands of 
the lakes,” 
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are such traces of marine action in Iowa and Minnesota in the 
timbered Coteaux, as the Coteau des Bois, Les Bois-rouges, ete., 
which cut the nakedness of the prairies and resemble those nar- 
row strips of land bordering the ocean and soon becoming long 
peninsulas covered with a luxuriant arborescent vegetation. The 
first origin of these undulations may have been in deep water, 
or they may have resulted merely from the action of the waves. 
In any case, they cannot be compared with the barren kndlls of 
the prairies. 

Prof. Whitney,* admitting that the prairies have been covered 
with water, even to their highest point, considers the absence of 
trees as caused by the fineness of the soil, which he attributes in 
part to the nature of the rocks underlying it, and in part to ae- 
cumulation in the bottom of immense lakes of a sediment of almost 
impalpable fineness, under conditions which will be discussed here- 
after.” This unfinished explans ation cannot fully satisfy the mind. 
Prairies cover every kind of geological formation, even granitic 
rocks, as in Minnesota, between St. Peter and Fort Ridgely. 
Most generally they overlie the Drift. It is evident that the 
black soil of their surface, as well as the clayey subsoil, though 
the _ kness of these strata may be great, has been formed, in 
place, by the agency and growth of a peculiar vegetation. In 
stagnant water, whenever water is low enough to admit the trans- 
mission of light and air in sufficient quantity to sustain vegetable 
life, the bottom is first invaded by Confervas, especially by Cha- 
racee and a peculiar kind of floating moss (Hypnum aduncum 
go These plants contain in their tissue a great proportion 

f silica, lime, and even oxyd of iron.” Moreover, they feed a 
ets arn quantity of — mollusks, whose shells add to the 
detritus of the plants, and the final result of the decomposition 
of the matter is that fine clay of the subsoil of the prairies, truly 
impalpable when dried and pulverized. This formation has 
been observed and described long time ago, especially by Chrome, 
who attributes to the decomposition of Confervas, Characee, etc., 
the clay over which peat bogs generally rest. I have seen it in 
process of prodigious activity in a large pond of the King’s Gar- 
den of Fredericksburg in Denmark, which every year is filled 
with about one foot of clayey matter, by the decomposition of 
Characez, small mollusks and infusoria. This kind of formation 
is so general that it can be observed in nearly every open swamp. 
In the lakes of the high prairies it has sometimes a peculiar 
character. At the depth of from one to three feet, the plants 

Survey of Iowa, chapter i. 

Geological Report of Iowa, i, 25. 
’ DeCandolle Physiologie Vegetale, p. 185 and 188. When exposed to atmos- 


pheric influence, the Charas become covered with an efflorescence of scarcely carbon- 
ated or pure lime. 
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cal survey of Arkansas, and found them always the result of 
water. When the springs descending the slopes are stopped by 
some obstacle, the waters slowly overflow the surrounding sur- 
face, and generally favor the growth of a thin stratum of peat, 
where only grasses and prairie flowers vegetate. Sometimes the 
peat of these glades is one to two feet thick. They are gene- 
rally dry in the fall, but always true swamps or wet prairies in 
the spring.” 

Prof. Winchell observes that a theory [for the absence of trees] 
often urged is the considerable humidity of the soil of certain prairies 
and especially the wetness of the subsoil, &c., and refutes it by this 
mere assertion: it is singular that such an opinion could be enter- 
tained when it is so well known that there is no situation so wet but 
certain trees will flourish on it. The willow, cottonwood, tupelo, 
walter oak, tamarac, American arbor vitce, ete.” And, when con- 
sidering Prof. Whitney’s supposition that the extreme fineness 
of the prairie soil is the cause of the absence of trees, he sets it 
aside, in the same way, by another assertion: that the fatal objec- 
tion to this theory, and all theories which look to the physical or chem- 
ical condition of the soil for an explanation of the treeless character 
of the prairies, is discovered in the fact that trees will grow on them 
when once tntroduced."* 

As it is not proper to refute an assertion by a contrary one, 
let us examine under what circumstances trees may grow in 
some swamps, and what the highest scientific authorities have 
to say on the subject. 

It is a well known fact of botanical physiology that trees ab- 
sorb by their roots a certain amount of oxygen necessary to 
their life. It is in accordance with this principle that trees, to 
thrive well, ought not to be planted too deep; that most species 
of trees perish when their roots are buried in a stratum of clay, 
impermeable to air; that whenever the water of a creek is 
dammed, to make a pond, all the trees are killed on the whole 
flooded space. Running water furnishes a sufficient amount of 
air and oxygen for their life to certain species of trees (most of 
the species quoted by Prof. Winchell) whose roots, when im- 
mersed, have the property of dividing themselves into innumer- 
able filaments. Hence, such trees grow, indeed, in those swamps 
inundated by the water of adjacent rivers, or periodically in- 

“% The relation of glades to peat bogs is beautifully exemplified on the slopes of 
Mt. Marcy and other peaks of the Adirondac Mts. of New York. Here, in the 
middle of deep and nearly impenetrable woods, such openings, half prairies, half 
bogs, are suddenly entered without transition whatever, and their surfaces entirely 
barren of trees, appear like clearings and meadows produced by human agency. 
They are of every size, cover slopes of various degrees, and ascend as high as 
to 5000 feet above the sea. 

A. Winchell on the prairies. This Journal, [2], xxxviii, 343. 

'* A. Winchell, ibid., 344. 

Am. Jour. Sci.--Seconp Series, Vout. XXXIX, No. 117.—Mar, 1865. 
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bushel, of acorns or nuts thrown upon their surface? Why, 
then, if trees will grow on prairies, do not isolated or widely 
separated clusters of trees insensibly cover a wider area? Some 
of these trees have lived there for ages; their trunks are strong 
and thick; their branches widely expanded, and their fruits are 
swept far away by the impetuosity of autumnal storms; never- 
theless, their domain is restricted, by the nature of the ground, 
to their own narrow limits; these they never pass. 


[ Zo be continued. | 


Art. XLI.—On a Process of Fractional Condensation: applicable 
to the Separation of Bodies having small differences between their 
Boiling-points ; by C. M. WARREN.’ 


It is well known that the process in general use for the prox- 
imate analysis of mixtures of volatile liquids,—viz: that of 
simple fractional distillation, either from a tubulated retort or 
from a flask with bulbs, as proposed by Wurtz,’—affords but 
very imperfect and unsatisfactory results, and not unfrequently 
leads to gross errors and misconceptions, except in those cases 
in which the boiling-points of the constituents are widely differ- 
ent, or in which some auxiliary method can be advantageously 
employed. 

The want of a more efficient process for effecting such sepa- 
rations has long been recognized. ‘There are numerous natural 
and artificial products, of the highest scientific interest,—such 
as petroleums, essential oils, tars, and other mixtures of oils ob- 
tained by the distillation, under varied circumstances, of bitu- 
minous, vegetable, and animal substances,—of which it may at 
least be said that we have but very imperfect knowledge,—I 
might almost say no knowledge, except such as could be de- 
rived from the study of very impure materials,—still mixtures 
of different bodies,—with which, instead of the pure substances 
sought for, chemists have felt compelled to content themselves, 
as the best results which they were able to obtain by the means 
at their command. 

In repeated instances, apparently after persevering and pro- 
tracted efforts, investigators have been forced to assert either the 
impossibility, or their inability, to obtain, from such mixtures, 
bodies of constant boiling-point,—a property which is generally 
received as a test of purity for liquid bodies. 

I may here specify a few recent instances of this kind. 

' From the Journal of the Acad. Arts and Sciences, Boston, May 10th, 1864. 

* Annales de Chimie et de Physique, [3], xlii, 132. 
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of separating from petroleum, by fractional distillation, products 
of constant boiling-point. 

Such is the general character of the results obtained in the 
attempts which have been made to separate the constituents of 
such mixtures by fractional distillation. 

The treatment with strong acids, ete., as an auxiliary to the 
common method of fractional distillation, which is claimed to 
have given good results in some cases, is open to serious objec- 
tions in its application to mixtures of unknown substances, as 
must be readily apparent. The further consideration of this 
subject is reserved for another occasion, when I shall submit the 
results which I have obtained by my process in the study of 
mixtures almost identical with some of those in the investiga- 
tion of which the acid process has been employed. I shall then 
be able to show that the results obtained by that process are, to 
a considerable extent, inaccurate and by no means exhaustive; 
and that it is still of the highest importance to have a process 
which shall be generally applicable in all such cases, without 
resort to any harsh or uncertain treatment. 

With regard to the value of constancy of boiling-point above 
referred to, as a test of purity of a liquid substance, I may here 
say that, without scarcely lessening the importance of obtaining 
constancy of boiling-point, before resorting to harsher treatment, 
in the study of mixtures of unknown substances, I think I shall 
be able to show, on another occasion, that this property is not 
necessarily indicative of so high a degree of purity as has gen- 
erally been supposed; and that a body may have a constant 
beiling-point, and yet contain enough of a foreign substance to 
appreciably—and, in delicate cases, seriously—atfect the deter- 
mination of its constitution and of some of its other properties. 
But in no such case have I yet found that the removal of the 
impurity by chemical means has essentially changed the boiling- 
point,—i. e., never to the extent of 1° C. of temperature. I 
propose, at a future time, to study this question synthetically, 
operating with pure liquid substances, with the view to deter- 
mine, in a few cases, how much of a foreign substance may be 
present,—which would probably be variable in different cases, 
—without sensibly affecting the boiling-point. A solution of 
this question would, I think, be of considerable practical value 
In some instances.” 

Of the New Process.—The chief distinctive feature of my pro- 
cess, as compared with the common one, consists in this,—that 
the operator has complete and easy control of the temperature 
of the vapors given off in distillation; and consequently can 

* Since this was prepared for the press I notice that late experiments by Ber- 
thelot go to show the correctness of my conception of the value of constancy of 
boiling-point, as above stated. 
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In the new process, perfect control of the temperature of the 
vapors is secured by simply conducting these vapors upward 
through a worm contained in a bath, aa, figs. 1 and 2, the tem- 
perature of which is regulated by means of a separate lamp, 4, 
fig. 2, or by a safety-furnace, p, as shown in fig. 1. The bath 
may be of oil or water, or of metal for very high temperatures, 
as the case may require, and is furnished .with a thermometer, ¢. 


1. 


That this bath may be equally adapted for the separation of 
liquids boiling below the common te mperature, an empty ves- 
sel, c, figs. 1 and 2 2, is permanently secured in the interior of the 
bath by means of straps of metal across the top, to serve as a 
convenient receptacle for ice or iced water, by means of which a 
low temperature may be steadily maintained. The interior vessel 
also serves a good purpose in economizing time, and fuel in 
heating the bath, as it diminishes the quantity of oil required 
to cover the worm. It is made to extend to within about three 
inches of the bottom of the bath, and large enough to fill the 
greater part of the space in the center of the coil. The bath 
and interior vessel are both made of sheet-copper, with joints 
brazed so that they will bear a high temperature. I generally 
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joint is now made by pressing the tube, n, over the caoutchouc 
covering of the end of the worm, 0. The joints of the receiv- 
ers, //, are made in the same manner. 

The vapors which escape condensation in @ pass through the 
receivers, kk and Ui, to the refrigerator, B, which contains ice, or 
a mixture of ice and salt, are there condensed and fall back 
into the receivers, //; which should stand in a wooden vessel 
also containing ice or a freezing mixture. The refrigerator, B, 
is made with double bottom and sides, with an inch space be- 
tween, which is filled with pulverized charcoal. Being tightly 
covered, a charge of ice and salt will serve for a long day’s 
Operations without renewal. In this manner I have been able 
to collect, in considerable quantity, bodies boiling nearly at 0° 
C., and this from mixtures in which such bodies had been quite 
overlooked by previous investigators. 

It will be observed, on reference to fig. 2, that the larger dis- 
tilling apparatus is represented as standing in a brick fire-place, 
with brick-work, CC, a few inches high, built up in front; and 
a sheet-iron apron, DD, folded above. This is for security against 
fire in case of accident, either to the retort or hot bath of oil. 
As arranged, the contents of either or both of these could run 
out and burn without danger to the operator or the premises, as 
the brick-work in front would prevent the liquid from spreading 
beyond the fire-place, and the dropping of the sheet-iron apron 
would cause an additional draft, and thus insure the passage of 
the flames into the chimney. Instead of placing the apparatus 
in a fire-place, where that is not convenient, equal security 
against accidents may be attained by the use of my safety heat- 
ing-lamp,” q, fig. 1, to heat the retort, and safety-furnace, p, 
containing a Bunsen’s burner, for heating the bath. The bot- 
tom of this furnace, and also a large part of the sides, is formed 
of wire gauze, such as described for the safety-lamp.” The 
gauze upon the bottom need not be permanently attached to the 
furnace, but may be simply laid over an opening cut in the stool 
or board on which the furnace is to be placed; if the furnace 
be then set upon it, taking care that the joint shall be tight 
around the edge, nothing more will be required. A strip of 
vulcanized caoutchouc, about an eighth of ar inch in thickness, 
is riveted around the edge of the opening for the door; against 
this the door tightly closes, so that no ignition can take place 
through the cracks which would otherwise remain under the 
edges of the door. 

or an apparatus to stand upon the table, the safety-lamp and 
furnace are especially desirable. I have also used them for the 
larger apparatus, placed upon the floor of the laboratory. As 


" This Journal, 1862, [2], xxxiii, 275. 2 Loe. cit. 
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would be required than if the material were but slightly vola- 
tile; as the waste in the former case, from evaporation, would 
be much greater. 

But in many cases it will be found that highly volatile bodies 
are present only in very small proportion,—e. g., in viscid pe- 
troleum like Rangoon tar, and in the products of distillation of 
some species of asphalt. In such cases, the requisite quantity 
to be operated upon, to obtain the most volatile constituents in 
sufficient quantity for anything like a complete study of their 
chemical relations, would be extremely large,—too large to be 
conducted in the laboratory,—and one would have to resort to 
the manufactory for the first distillation. I have dwelt at some 
length on this point, having experienced the disappointment 
which one feels, after months of labor, on finding the products 
insufficient for his requirements, when the expenditure of a little 
more time, comparatively, might have given double the quan- 
tities obtained. 

In the first series of fractioning, I generally operate on succes- 
sive portions, of about one gallon each, of the crude material, 
and take off a fraction for every 20° C. rise of ternperature of 
the retort. These fractions are preserved in well-stoppered bot- 
tles, and each carefully labelled with the temperatures between 
which it was obtained. The fractions for each fresh portion of 
the crude material, being collected between the same limits of 
temperature, are added to the corresponding products from the 
preceding operations, till enough of the crude material has been 
taken to insure, ultimately, a sufficiency of the pure products. 

In the commencement, not only of this but of all subsequent 
fractionings, when the temperature to which the bath should be 
raised is unknown, I first bring the es 2 in the retort into full 
ebullition, so that a steady stream of liquid shall flow back from 
the end of the worm into the retort. 1 then carefully raise the 
temperature of the bath until the vapors from the retort pass 
through the heated worm so freely that the liquid, in condens- 
ing from them, shall drop with tolerable rapidity into the cold 
receiver. In order that this drop} yping may be continuous, it is 
necessary that the temperature of the bath should rise very grad- 
ually as the more volatile constituents of the mixture are taken 
off; this is easily effected by carefully regulating the flame under 
the bath. 

It is advisable to boil the retort as rapidly as possible without 
choking the lower end of the heated worm with the returning 
liquid. As this choking would give rise to additional pressure 
in the retort, and consequently occasion abnormal elevation of 
the temperature, and possibly a rush of liquid into the receiver, 
and thus introduce irregularities in the work, excessive heat 
under the retort should be avoided. The first indication of 
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second or next succeeding fraction of the first series may be 
supposed, or has been found by experiment, to boil. This frac- 
tion is then added to the residue in the retort, and the distilla- 
tion is continued as before. In the same manner, I proceed 
with the remaining fractions of the first series. 

All subsequent fractionings are similarly conducted. As the 
work progresses, however, the fractions are taken for a gradually 
decreasing number of degrees of temperature, until finally it 
becomes necessary, for the attainment of absolute constancy of 
boiling-point, to take off a fraction of every degree, centigrade ; 
and to continue thus to operate on these fractions, each repre- 
senting one degree of temperature, until the desired end is at- 
tained. 

The operator will observe that, in each series of fractions, in 
which each fraction has been taken for the same range of tem- 
perature, the difference between the boiling-points of any two 
contiguous fractions is nearly the same as the difference between 
any other two contiguous fractions,—in other words, that the 
difference referred to approximates to a common difference 
throughout the same series. Once ascertained, this difference 
serves as a valuable guide in determining with sufficient accu- 
rac; when to add the next fraction to the retort. By observing 
this systematic course, irregularities, from the improper mixture 
of products, may be avoided, and time thus economized. 

After afew series of fractionings,—sometimes after two or 
three, variable in number, according to the nature or complica- 
tion of the mixture,—it will be found that some of the fractions 
are considerably larger than others for the same range of tem- 
perature, indicating approximately the boiling-points of the sev- 
eral constituents. But fractions of constant boiling-point, or 
those, the boiling-points of which cannot be sensibly changed by 
further fractional condensation, are not obtained, as already men- 
tioned, till after repeated careful fractioning of every degree of 
temperature. When fractioning of every degree, it is import- 
ant to use every precaution to protect the thermometer from 
external influences, and to carefully apply the corrections for 
variations in the atmospheric pressure. ‘This may even be de- 
sirable earlier; but it is of so much importance in the case 
specified, that, if omitted, the operator would be liable one day 
to mix products which he had separated the day previous. 

[In this way, certain larger fractions are obtained, which are 
not susceptible of further alteration in their boiling-points ; but 
there are yet considerable quantities of liquid in the intermedi- 
ate fractions, which still continue to change more or less in each 
succeeding operation. When the fractions of constant boiling- 
point have once been obtained, if it were not important to test 
for other bodies in the intermediate fractions, the operation 
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Art. XLII.—Ezamination of Petroleum from California; by 
SILLIMAN, 


THE specimen of petroleum here described came from a natu- 
ral well or spring on the Simi estate in Santa Barbara county, 
California. It issues from rocks of the Tertiary Age. The dis- 
charge from this spring is sufficient to flow nearly two miles down 
the dry bed of the ravine in which it occurs. 

It is of a dark brown color, dichroic, thin and mobile as water, 
and of a faint naphtha odor, quite without offensive smell. In 
a thin tube it has a yellowish brown color by transmitted light, 
and obviously owes its dark color to its holding in solution a por- 
tion of the asphaltum with which it is associated. 

Its density is 0°861 at 15° C. or about 34°30° B. It burns, in 
its crude state, in a double current lamp, without smoke, with 
quite a bright flame and strong light for a few moments. After 
eight or ten minutes the wick commences to coal, and after about 
fifteen minutes it smokes and finally dies out. 

1000 c.c. of the crude substance were subjected to fractional 
distillation in a tubulated retort to which was adapted a thermom- 
eter and condenser. A condensible vapor appeared at 60° C., the 
liquid simmered at 90° and boiled at 123°. 

Of the 1000 c.c. of crude oil there were distilled from glass 


up to the boiling point of 
Mercury, - - §00¢c.c¢. 
In iron, - 496 “ 


Loss and coke, 4 = 
‘1000 

This method of practical distillation gives, as is well known, 
very unsatisfactory results, as compared with the method of 
Warren.’ As the experiment was, however, very carefully con- 
ducted by Mr. Peter Collier, of the Sheffield Laboratory, under 
my directions, it furnishes a good illustration of the differences 
arising solely out of an imperfect method of analysis, when prac- 
ticed on the same raw material. I therefore append the results 
in detail. 

The temperatures were noted by a mercurial thermometer the 
bulb of which was continually in the boiling liquid. 

20 c.c. had distilled at 153° C. | 260 ¢.c. had distilled at 234° C. 

40 ‘190 * | 260 * “ 950 

J00 * | 266 

140 4 400 280 

160 * 450 297 

200 485 320 
240 223 | $00 370 


1 See this vol., p. 327. 
Am. Jour. Sc1.—Seconpb Sseiges, Vout. XXXIX, No. 117.—Mary, 1865. 
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difference being apparently due to the greater or less degree of 
evaporation and oxydation of the products consequent on ex- 
posure to the warm air of a very dry climate. The specimens 
thus far examined from California are all from surface springs. 
When the oil is drawn from artesian borings the same change 
of density will undoubtedly be observed as in Pennsylvania. I 
found the surface oil of Oil Creek, in 1855, having a density of 
‘880 to ‘885, thick in warm weather as thin molasses, and in eold 
weather quite viscid. The flow of wells in the same region is 
now quite thin, and has a density of 800 to °850. 

Appended are the results of Mr. Warren’s examination of the 
same California oil now under consideration. 


“ 


To Prof. Strurman, New Haven. 

“ Dear Sir—The results of my examination of the crude California 
petroleum which you sent me through Messrs. Spear, Burke & Co., of this 
city, and which bore the seal of Messrs. Wyeth & Bro., are as follows : 

‘Specific gravity at 17¢. 0°864—=33° Beaumé. 
1250 ¢.¢. of the crude substance subjected to 


my process of fractional condensation, gave— ne ‘ie 
/ Specific grav- 


41 ¢c.c. of light oil between 93° and 100°C. tal 

‘ ity not taken, 
525 “ Burning oil “ 140° and 310°C. sp. gr.=44° B. 


From this point the distillation was conducted in the ordinary 
manner from a common retort, no thermometer being used. 
270 “ Jubricating oil of sp. gr. 293° Beaumé. 


992 “ “ “ 


1172 c.¢e= 93°8 per cent of total product. 


“The residue left in the retort was dry coke. After treatment with 
sulphuric acid and alkali the light oil and the burning oil were nearly or 
quite colorless, The lubricating oil had a yellowish color. The odor of 
the burning oil was extremely agreeable, fully equal in this respect to the 
best kerosene or refined Pennsylvania petroleum. The other products 
were also entirely fie e from disagreeable odor, and indeed the same may 
be said of the crude oil itself. In this respect it is readily distinguish- 
able from the Pennsylvania petroleum. 

“ The burning properties of the illuminatin 
any oi! which I have seen. 

“ What [ have called light oil is not ve ry volatile, and would not, I 
think, rank in the market as naphtha, at least not that taken between 
100° and 140° C.; and it is my opinion that the burning oil would take 
the whole of the light oil, and still bear the commercial fire test. In that 
case some of the lighter of the lubricating oi! probably might be run into 
the burning oil, so that the yield of the latter would be over 50 per cent.” 


oil are not surpassed by 


o 


Boston, March 31, 1865.” 


* The specific gravity of the mixture determined by me is 0°753==58° Beaumé.—S, 
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upon a large scale whether the rich iron ores of Lake Champlain, Lake 
Superior and Missouri, cannot be directly reduced to the metallic state by 
heating them to a sufficiently high temperature in the chamber of a 
Siemens furnace, and then changing the gaseous mixture in the furnace to 
a reducing condition. This would in fact be blooming upon a large scale, 
and would not improbably avoid the inconvenience and expense of bloom- 
ing in the small way, which in spite of the superior quality of the iron 
produced has been almost wholly superseded by the cheaper process of 
puddling. Experiment only can determine whether fluxes can be used 
with advantage in blooming in this manner, when poorer ores are em- 
ployed. Ores of copper could doubtless be roasted and reduced in furna- 
ces of this construction, and with some additions to the original plan, the 
sulphurous acid formed during the roasting might be directly converted 
into sulphuric acid in leaden chambers. But it is for the metallurgy of 
iron that the new furnaces will probably be found most advantageous. 
As the temperature attainable is extremely high, it may even be found 
practicable to melt the malleable iron formed by the direct reduction of 
the ore, the walls of the fire-chamber being lined with lime as more refrac- 
tory than any fire-clay. But even if this rather bold suggestion should 
not be realized, it is at least probable that the earthy impurities of the 
ore would be reduced to a peculiarly fluid condition, so that the blooms 
could be easily treated under the hammer and brought into the form of 
malleable iron. For the rest, there is hardly a branch of manufacture in 
which heat is employed upon the large scale in which furnaces on the 
regenerative principle would not find an application. We suggest that 
small gas furnaces could be made upon the same principle for laboratory 
use and for various processes in the arts, using the ordinary city gas, how- 
ever, as fuel instead Of gas produced by a special furnace. The high 
temperature obtained in Gore’s gas-furnaces appears to be due to the 
heating of the air and gas before they mix in combustion. W. G. 

4. On some aluminum compounds.—Bucxron and Opttne have stud- 
ied the action of aluminum upon ethyl-mercury and methyl-mercury, and 
have thus obtained ethyl-aluminum and methyl-aluminum without diffi- 
culty and in considerable quantity. Ethyl-mercury, or, as the authors 
term it, mercuric ethid, with an excess of clippings of aluminum, was 
heated for some hours in sealed tubes in a water bath, when the mercury 
was found to be completely displaced by the aluminum. After distilla- 
tion the aluminic ethid was obtained as a colorless mobile liquid which 
boiled at 194° C. and did not solidify at -18° C. It evolved dense white 
fumes on exposure to the air, and when in thin layers took fire spontane- 
ously burning with a bluish-red edged flame, and producing an abundant 
smoke of alumina. Analysis gave nearly the formula Al,(C,H,), or 
Al, (C, Ede. The vapor-density at 234° C. was found to be 4°5, the 
theoretical number for Al,(C,H,), being 3°9, whence it would appear 
that the true molecular formula is Al,(C,H,), and not Al,(C,H,)<,. 
Water decomposes aluminic ethid with explosive violence. Iodine 
forms iodo-derivatives and iodid of ethyl. Oxygen gives a body appar- 
ently analogous to boric di-oxyethid. Aluminic methid was obtained 
as a colorless mobile liquid boiling at 130° C. and solidifying a little 


above 0° to a beautiful transparent crystalline mass, The liquid takes 
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that these vapors do not correspond to one volume (H=2) is to make 
an assumption which is inadmissible in the present state of science — 
Compies Rendus, \ix, 1057. 

6. On the dispersion of light produced by the rotation of the plane of 
polarization in quartz.—StEFAw has given a beautiful method of forming 
a spectrum by means of the dispersion of the planes of polarization pro- 
duced by plates of quartz. A bundle of parallel plane-polarized rays of 
white light is allowed to fall upon a glass cone, the sides of which make 
with the axis an angle equal to the angle of polarization. The reflected 
rays are received upon a screen perpendicular to the axis of the cone and 
produce a circular sector in which the maximum intensity of light cor. 
responds to the rays, the plane of reflection of which is parallel to the 
plane of polarization. If we introduce a ey of quartz cut perpendicu- 
lar to the axis into the path of the bundle of incident parallel rays, the 
position of the maximum is different for differently colored rays, and the 
sector then exhibits the different colors of the spectrum. In this manner 
the dispersion of the planes of polarization is rendered visible. In the 
same manner, if we receive the polarized bundle of rays transmitted by a 
plate of quartz upon a plate of spar cut perpendicular to the axis which 
gives in the analyzer a system of rings traversed by a black cross, each of 
the branches of this cross will be replaced by a sort of fan exhibiting the 
different colors of the spectrum. 

Measurements the details of which are not yet published have led 
Stefan to represent the rotations due to a plate of quartz 1™, in thick- 


ness by the formula 


in which the wave length 4 is expressed in thousandths of a millimeter. 
From this formula we should deduce the remarkable consequence that the 
rotation would be zero for rays of a wave length equal to 0°002186™™, 
aud would change its sign when this limit is exceeded.— Ann. de Chimie 
et de Physique, [4], iil, 501. W. G. 

7. On combustion by invisible rays —At the Newcastle meeting of the 
British Association in 1863, Dr. C. R. Axry proposed three experiments 
by means of which, if successful, rays of heat could be converted into 
rays of lis cht. One of these exper! riments consisted in converging the 
sun’s rays by means of a concave mirror, then cutting off the light by 
“ proper absorbents,” and then igniting platinum foil in the focus of the 
invisible rays. Want of lage appears to have prevented the execution 
of the propose «1 experiments; but Dr, Tyndall, who had devised experi- 
ments of a similar character, and who had discovered a liquid possessing 
precisely the required properties, has rece ntly succeeded in the conversion 
of rays of heat into rays of light in a very striking and instructive man- 
ner. Tyndall employed an electric lamp of Duboscq and a line ar thermo- 
electric pile, the spectrun 1 being formed by lenses and prisms of rock salt. 
As in the case of the solar spectrum, the heat 1 was found to increase in 
intensity from the violet to the red, rising to a maximum beyond the red 
ata distance about equal to the distance of the green on the more re- 

angible side. The curve of intensities rises beyond the red into a steep 
wal massive peak, quite dwarfing the radiation of the luminous part of 
the spectrum. Water interposed cuts away the peak in part; the vapor 
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slightly discolored, it appeared to be feebly negative. Rosin, pitch, 
gum lac, and amber, both with the paper and the cotton, became always 
positive, as did also the native rubber, by which I mean the rubber as 
it is imported. Sealing-wax with the cotton became always positive, 
but with the paper occasionally negative. Vulcanized rubber (the kind 
used in making gas bags) would sometimes become positive and some- 
times negative, and the same was true of gutta percha, two different 
specimens being used. The hard rubber (from Luhme & Co.) became 
always negative, both with the paper and the cotton. This being con- 
trary to the results obtained by yourself with this substance, I made 
very many trials, but always with the same result. 

In all cases after friction with other substances, whether the latter 
became positive or negative, the paper and cotton would be found in- 
variably negative. Sheets of the paper, when handled, especially in 
cold, dry weather, often become highly excited,—always negatively, so 
far as has been determined; and my son informs me that sometimes, 
when handling considerable quantities of the recently prepared paper, 
he was even fearful that it might become ignited by the sparks pro- 
duced! 

[ will just remark in closing, that in making experiments like these, 
great care is required in order that the results arrived at may be satis- 
factory. This is partictlarly the case when it is necessary to rub a 
substance, as a roll of sulphur or a stick of sealing-wax, successively 
with different substances, some of which give the positive and others 
the negative electricity. Occasionally it will be found that the sub- 
stance will be positive at some points and negative at others; and in 
such cases the only way is to lay the particular specimens aside until 
they shall have returned to their natural condition at all points. Some- 
times a substance when first rubbed, after having remained undisturbed 
twenty-four hours or more, will take on one electricity, but, by continu- 
ing the friction a very little time, it will take on the other. Thus, a 
stick of sealing-wax in its natural state, when gently rubbed, one or two 
strokes, with a silk handkerchief, will often be found decidedly positive, 
but by a few strokes more it will become as decidedly negative; and it 
cannot be made positive again by friction with silk until allowed by re- 


pose first to return to its natural state. 


II MINERALOGY AND GEOLOGY. 


1. On Tin Ore at Durango in Mexico; by Prof. C. F. Cuaxpirr.— 
I have recently examined a sample of 1450 grams of tin ore from Du- 
rango, and find it to be a handsome “ wood tin” in pebbles and fibrous 
crusts, some of which are an inch in their longest diameter. The color 
varies from a very light brown to black. F 

Associated with the cassiterite, there are brilliant crystals of topaz, 
some of which are half an inch long. They vary from transparent to 
opaque, and from colorless to deep brown. I have not been_able to 
examine them very closely, but have noticed the planes O, J, i2, and 2. 
Owing to the development of the planes 2 and 2, and their rich brown 
color, some of the crystals might easily be mistaken for cassiterite. 

Am. Jour. Scr.—Seconp Series, VoL. XXXIX, No. 117.—Mar, 1865, 
15 
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of the same geological age as the black slate of Ohio and' Indiana. The 
same formation was subsequently described by Mr, Murray, of the Canada 
geological survey, as making its appearance at various points in Canada 
West; and the geologists of that survey speak of the formation as con- 
stituting the principal part of the “Hamilton group” as known in Can- 
ada. In the prosecution of the geological survey of Michigan, I enjoyed 
the opportunity to establish, by direct comparisons, the identity between 
the Black Slate of Michigan and that of Ohio and Indiana, and, by 
proving that it lies stratigraphically above the limestones of the Hamil- 
ton group, have established its distinction from the Marcellus shale, and 
co-ordinated it with the Genesee shale of New York. It is locally known 
as the Huron Group. 

The geographical distribution of this formation in Michigan, will be 
seen by a reference to my Report for 1860. The strata along the eastern 
slope of the lower peninsula of Michigan dip westward beneath the Car- 
boniferous rocks of the interior. This dip, however, is extremely slight, 
and the Huron group does not terminate at the waters of Lake Huron 
and the river St. Clair. It prolongs itself eastward, and overlaps the 
angle of Canada West, finally thinning out along a line extending from 
the mouth of Maitland river to a point on the Great Western Railway, a 
few miles east of Bothwell. 

The lithological characters of the formation are but little varied. 
Throughout its entire thicknesss of 600 or 700 feet, it is argillaceous and 
generally bituminous. The most bituminous and darkest colored por- 
tions seem to be situated near the bottom of the group... We know, at 
least, that they are not near the upper part of the group. Other por- 
tions of the series consist of bluish, argillaceous shales and plastic clays, 
ranging in color from bluish to whitish, Numerous bands of sandstone, 
and of arenaceous magnesian limestone, from four to eighteen inches in 
thickness, occur irregularly in the middle and upper portions of the 
group. Bands of iron pyrites, of local extent, but sometimes from one 
to six inches through, are found imbedded in the shales and clays. The 
“black slate” proper, of the series, is freely combustible ; and in some 
cases, where fire has been communicated by accident to outcropping 
masses, the combustion has survived for months. By distillation, this 
shale affords petroleum and all the related compounds. Its apnearance 
at the surface is generally regarded as an indication of coal, and many 
serious disappointments have resulted from ignorance of the fact that the 
“black slate” is several hundred feet beneath the coal measures, 

The bituminous shales of this group of rocks are generally considered 
to he the source of most of the native petroleum of the Northwestern 
States. It is the opinion of Dr. T. S, Hunt, of the Geological Commis- 
sion of Canada, that the product issues from a bituminous limestone— 
the Corniferous limestone-—next underlying these shales; but though this 
limestone may unite its exhalations with those of the Huron group, it 
seems more probable that the latter supplies the principal amount of the 
bituminous flow. It is also asserted that, at least in a few cases, petrole- 
um is eliminated in quantities of commercial importance from the rocks 
embraced in the coal measures. 

Wherever the oil-producing shales are exposed to the air, or covered 
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Whatever differences exist between the geological indications observed 
in the two regions are rather in degree than kind; and the advantages are 
undoubtedly on the side of the Michigan region. Canada West is located 
upon the thinning outskirts of the fermation; Michigan embraces the 
great mass of it. And, in the abundance of gas emitted from the under- 
lying rocks, the Enniskillen region bears a very unequal comparison. 

It is quite possible that no porous stratum will be found in Michigan 
reposing upon the surface of the rock. Its occurrence is accidental any- 
where. Should it be found wanting, and “surface oil” consequently 
wanting, this fact would not have the slightest bearing on the probability 
of oil in the rocks below. 

I have stated that the Huron group, or Oil formation, extends contin- 
uously from the peninsula of Michigan into the peninsula of Canada 
West. To embrace both regions under one designation, they might be 
spoken of as the Peninsula Oil Region. It is not to be imagined that 
oil will certainly be obtained at all points within this region. It may be, 
but probably will not. Slight undulations are liable to exist in all strata 
so nearly horizontal as those of the two peninsulas. The volatile ema- 
nations from the strata would therefore accumulate under the highest 
arches. Possibly one of these arches runs nearly north and south through 
the Canadian region, from Bothwell to Petrolea, and beyond, while an- 
other underlies the district of petroleum manifestations on the Michigan 
side of the river. For the present, it would be safest to confine large ex- 
penditures to the immediate vicinity of this belt of indications. 

In the transverse section across the strata, already referred to, an at- 


tempt has been made to show in what way the oil-bearing rocks may 
rise in two or more gentle undulations, thus inducing the oil and gas to 
accumulate along geological axes, and become restricted to belts of 


country of limited width. 

4. Account of some new or little known species of Fossils from rocks 
of the age of the Niagara Group. From the 18th Report on the New 
York State Cabinet; printed in advance of the Report, and issued Janu- 
ary 1865, by Prof. James Hatt. 48 pp. 8vo, with many illustrations.— 
These pages contain descriptions of a number of new species of Cysti- 
deans, with figures of seven of them, and of several Crinideans, Trilo- 
bites, and various Mollusks. The following important remarks on the 
age of the Galt or Guelph limestone of a and Leclaire beds of 
lowa, and their relations to the New York N iagara group, form an intro- 
duction to the paper : 

In the study of the fossils of the Niagara group and associated strata, 
previous to the publication of the final Teport on the Fourth Geological 
Distric t," and also to the publication of the second volume of the Pale- 
ontology of New York, I separated a od Species found in the impure 
drab-colored limestone from W ayne county, New-York. 

The limestone containing these fossils “ada exposed only in the bed 
of the canal during its excavation ; and the low country, or deeply drift- 
covered surface in the vicinity did not admit of any exposure of the 

* The same reference of species had in fact been made during the Geological 
Survey ; and they were thus published in the Report on the Fourth Geological 
District in 1843, 


it 
| 
i 
4 
+4 
i 


354 S fic In Ten 


rock in place. 

nexion with tl he ( 

mens of rock « y the f r ce 

structure and « { 

formation. Dit 9 

group, I did not 

there was no ev ( 
Throughout the § f N ne 

the Niagara al 

by drift accumt 

posure of similar 

Monroe county, 

a few feet of their 

lar to those of V 

attention was « ( 

West; and in 

those before kn {) 

salt group in New } G 

clearly 

almost entirely 

belonged to the next for) QO 

that the Way ne 

stone of Galt. 

referred to the age ' 

sustained by thi ( 


above th | 


in con- 
speci- 
uliferous 
of that 
Niagara 


, 


jaga- 

l wes 
Was 

ed an 


il, and 


At a later per | onized, 
at the Leclaire 1 M g th 
same relative } nd col 
taining some id ne of 
Galt or Guelph in W ( l nced its apparent 


relations in the R ( I 
Should th wnt 

be proved, it Ww se 

the Onondag 

quite probable 

tremity in Centr 

well as from sin 

cient ground 

Onondaga-salt o 

consideral 

acquire a still ¢ 

Mississippi ri 

the other grou pi 


je im 


2 Afterac 
* The name G 
already in use, 
Guelph format G 
4 My views re 
sin and Iowa h 
this place that I h 
part of others, t , 
tion in the localit 


stern 


localities 


ds from 
[t seems 
ex- 


as 


q n ot 
g | ny ex 
i 
simli- 
Can 
and 
Lime 
riven ) 

rank as 


Mineralogy and Geology. 355 


Some two or three years later, I explored the geology of the central 
and eastern portions of Wisconsin and the adjacent parts of Illinois. I 
here found the limestone of Racine,'and a part of Waukesha and some 
other localities, resembling in all respects that of Leclaire, and holding 
many of the same fossils. It is likewise underlaid by the even-bedded 
darker-colored limestone, bearing Halysites catenulatus, Pentamerus ob- 
longus, and many large Orthoceratites, which are everywhere regarded 
as evidence of the Niagara age. ‘I could not hesitate, therefore, to par- 
allelize the succeeding beds with thé limestone of Leclaire, though we had 
failed to trace it across the country in a continuous outcrop. At the 
same time, on critical examination of the collection of fossils made at 
Racine and at some other points, | detected many species known as char- 
acteristic of the Niagara formatio’ in the State of New York, requiring 
its recognition as a member of that group (rather than of the Onondaga- 
salt group), and uniting with it, as identical in position, the Leclaire 
limestone.°® 

At the same time, we have recognized, from Racine and adjacent local- 
ities, including Leclaire in Iowa and a single locality in Illinois, the fol- 
lowing species which are identical with, or are very closely allied to, 
those from Galt in Canada West: Pentamerus occidentalis, an Obolus- 
like fossil, a Favosites and a species of Amplexus which are identical in 
several localities, Cyclonema sulcata, Murchisonia Logani, Murchisonia 
identical with or closely allied to M. mylitta (Billings), an undescribed 
Murchisonia from Racine identical with one from Galt, Subulites ven- 
tricosa, Pleurotomaria solaroides? Loxonema longispira, besides other 
forms which are closely allied to species of the Guelph limestone. 

An examination of several localities in Wisconsin shows that this pe- 
culiar fossiliferous limestone is very unequally distributed. At Racine 
it has a very considerable thickness ;° while in other places, either from 
denudation or other causes, it is very thin, or even absent. In some 
places in the vicinity of Milwaukee and Waukesha, there are indications 
of beds of passage from the regularly bedded limestones below to the 
unequally bedded rock above. ‘There appears, indeed, very good evidence 
of the irregular or unequal accumulation of this higher rock in many of 
the localities along a considerable portion of the outcrop; and where the 
lower part of the formation comes to the surface, the upper rock does not 
appear to be developed. I am therefore induced to believe that this 
limestone at Racine, the mass at Leclaire and extending thence into 
Iowa, as well as the Guelph formation in Canada and the feeble repre- 
sentation of the same in New York, are really lenticular masses of 
greater or less extent, which have accumulated upon the unequal surface 
of the ocean bed in a shallow sea during the latter part of the Niagara 
period. These isolated masses of limestone have close relations with 
each other, while their relations with the Onondaga-salt group, though 
very intimate in the single locality in Central New York, become less and 
less conspicuous in a westerly direction. 


: Report on the Geology of Wisconsin, p- 67, 1861. 

®* IT am inclined to believe that I have overestimated the thickness of the lime- 
stone at Leclaire from the presence of lines of false bedding, but I have had no op- 
portunity for a re-examination of the locality. 
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by chemical action,” giving as reasons the position and constitution of 
the material, the nature of the adjoining rocks, and the fact that “ springs 
containing oil are not uncommon throughout the district in which the 
Albertite is found.” 

6. On Devonian Insects from New Brunswick ; by 8S. H. Scupper. 
(From a communication addressed by Mr. Scudder to Dr. C. F. Hartt, 
of New Brunswick, dated, Boston Society of Natural History, January 
11, 1865.)—I have made as careful an examination as my present cir- 
cumstances will permit of your most interesting collection of the fossil 
remains of insect-wings from Lancaster, There are ten specimens in all, 
eight of which are reverses of one another, thus reducing the number to 
six individuals; of these, one, a mere fragment, belongs, I think, to the 
same species as another of which the more important parts of the wing 
are preserved, so that we have five species represented among these De- 
vonian insévts, and these remains are all, I suspect, composed of portions 
of the anterior wing alone. The data being thus fragmentary, the con- 
clusions cannot be quite so satisfactorily determined as we could wish, 
but we can still discover enough to prove that they are of unwonted in- 
terest. Besides the peculiar interest which attaches to them as the ear- 
liest known traces of insect life on the globe, there is very much in them- 
selves to attract and merit our closest attention. 

One of them is a gigantic representative of the family of Zphemerina 
among Neuroptera, some three or four times the size of the largest spe- 
cies now living with which I am acquainted. 

Another borrows some striking points of the peculiar wing-structure 
of the Neuropterous family Odonata, and combines with them those of 
families remote from that, and even belonging to a distinct section of the 
Neuroptera, exhibiting to our view a synthetic type which combines in 
one the Pseudoneuroptera and the Neuroptera, and represents a family 
distinct from any hitherto known. 

Other fossil insects, found in Carboniferous concretions in Illinois, and 
described in this Journal ([2], xxxvii, 34), which Professor Dana has 
kindly allowed me to evamine,’ also belong to hitherto unrecognized 
families, exhibiting similar relations to sections of Neuropterous insects 
in our day disconnected; and your third species is a member of still 
another family of Neuroptera, which finds its natural relations between 
the two described by Professor Dana. 

A fourth, of which only an unimportant fragment was found, would 
seem to belong to the Neuroptera; but by some peculiarities of the mi- 
nuter cross-veins, thrown off in the middle of the outer edge of the wing 
in a most irregular and unusual manner, suggests no intimate relations 
with any known family, but must have belonged to a group of large and 
weak-winged insects. 

The fifth and last to be mentioned is of very striking interest, because, 
while it exhibits the peculiar venation which forms the well known tym- 
panum or stridulating apparatus of the male in the Orthopterous family 
Locustarie (though differing somewhat from that), it also most resembles 
the Neuroptera in all, or nearly all, the other peculiarities of its struc- 
ture, and suggests the presence in the insect-fauna of those ancient times 

* The results of this examination will shortly be communicated to this Journal. 

Am. Jour. Sct.—Sreconp Serins, XX XIX, No. 117.—May, 1865. 
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12. Annual Report of the Geological Survey of New Jersey, for the 
year 1864, by Prof. Gro. H. Cook, State Geologist. 24 pp. 8vo. Tren- 
ton, N. J.. 1865.—Prof. Cook presents, in his Report, a brief statement 
of the progress of his survey, dwelling mostly on economical results. 
A colored map of the formations is included. 


Ill BOTANY AND ZOOLOGY. 


1. DeCanvotie: Prodromus Syst. Nat. Regni Vegetabilis. Pars 16, 
Sect. posterior, Fase. I, sistens Cupuliferas, etc. Nov., 1864. pp. 160.— 
In pursuance of the plan adopted for bringing out the concluding volumes 
of the Prodromus in parts, as soon as the respective orders are elaborated, 
we have here the Cupulifere, upon which Mr. DeCandolle himself has 
bestowed so much labor,—the leading genus, Quercus, extending to 281 
species, Castanopsis (to which belongs C. chrysophylla of California), 14 
species, Castanea, only two well determined species, and Fagus, 15; the 
Corylacee, admitted as an order, after Hartig and Doll; also the Juglan- 
dacea, the earliest botanical work of Casimir DeCandolle, whose separate 
memoir upon the subject we have already noticed with approbation ; the 
Myricacee by the same promising hand (38 species of Myrica, including 
Comptonia, and Chapman’s Lettneria of Florida) ; the Platanacee, and, in 
a note, Liguidambar, by Alphonse DeCandolle. The Betulacee and Sali 
cinee will follow in this volume, we believe at no distant date. A. G. 

2. J. D. Hooker: Handbook of the New Zealand Flora. Part 
London: Lovell Reeve & Co. 1864. pp. Ixxvili, 392, 8vo.—This is a 
new member of the series of British Colonial Floras, The present part 
includes all the known Phenogamous plants and Ferns, not only of New 
Zealand, but of the outlying islands which may be regarded as of the 
New Zealand group, such us the Chatham and Kermadec islands on the 
one hand, and the Lord Auckland and Campbell’s islands on the other. 

» Cryptogamous plants are to follow. The basis of the present work, 
of course, is Dr. Hooker’s Flora of New Zealand and the Flora of Lord 
Auckland and Campbell’s islands, making three large illustrated volumes 
of the Botawy of the Antarctic Voyage under Capt. Ross,—volumes 
much too bulky and costly to subserve the main purpose of the Hand- 
book, i. e., to be freely used by the colonists themselves. Moreover, large 
discoveries have been made since the Flora Nove-Zelandiz appeared, 
mainly in the middle island, adding fully one-third to the number of 
flowering lants previously known. The genera are here brought up to 
303, the species to 935,—still exemplifying the insular paucity. Of 
these species 677 are peculiar to these islands; 222 are Australian, and 
111 American. There are, besides, 51 Australian representative species, 
and 32 American representative species, Among the American identical 
species are Myosurus aristatus, of the Pacific United States and Chili, 
and our Llatine Americana, which has a wide range in the southern 
hemisphere, viz: in S. America, New Zealand, Feejee Islands, Australia, 
and Tasmania. Dr. Hooker remarks that few if any plants appear to 
have been collected in the Lord Auckland’s ¢ troup by Commodore Wilkes’s 
expedition. A single officer, Lieut. Holmes we think, passed a few liours 
on land, collecting, however, among ocher plants, a single specimen of an 
apparently new Ranunculus (R. Aucklandicus), which has been acci- 
dentally overlooked iz the present work. A. .G. 
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referred to. A curious case it is, and treated with the wonted sagacity 
and point of this prince of biological inquirers, 

“In Lythrum Salicaria three plainly different forms occur: each of 
these is an hermaphrodite; each is distinct in its female organs from the 
other two forms; and each is furnished with two sets of stamens or 
males, differing from each other in appearance and function. Altogether, 
there are three females and three sets of males, all as distinct from each 
other as if they belonged to different species; and, if smaller functional 
differences are considered, there are five distinct sets of males. Two of 
the three hermaphrodites must co-exist, and the pollen be carried by 
insects reciprocally from one to the other, in order that either of the two 
should be fully fertile: but, unless all three forms co-exist, there will be 
waste of two sets of stamens, and the organization of the species as a 
whole will be imperfect. On the other hand, when all three hermaph- 
rodites co-exist, and the pollen is carried from the one to the other, the 
scheme is perfect ; there is no waste of pollen and no false co-adaptation. 
In short, Nature has ordained a most complex marriage-arrangement, 
namely, a triple union between three hermaphrodites,—each hermaph- 
rodite being in its female organ quite distinct from the other two her- 
maphrodites, and partially distinct in its male organs, and each furnished 
with two sets of males.” 

One must study this instructive paper to see how neatly it is shown, 
“that only the longest stamens fu!ly fertilize the longest pistil, the middle 
stamens the middle pistil, and the shortest stamens the shortest pistil. 
And now we can comprehend the meaning of the almost exact corres- 
pondence in length between the pistil of each form and the two half- 
dozen sets of stamens borne by the two other torms; for the stigma of 
each form is thus rubbed against the same spot of the insect’s body which 
becomes most charged with the proper pollen.” For the use which Mr. 
Darwin makes of this case, and the theoretical deductions drawn from a 
genus which presents trimorphic, dimorphic, and monomorphic species, 
the illustration of the advantage of trimorphism, and of the now estab- 
lished fact that sexual differences,—* thought to be the very touchstone 
of specific distinction,’—may characterise and keep separate the coexist- 
ing individuals of the same species in the same manner as they do those 
groups of individuals which we denominate species, we must refer to the 
memoir itself, not having space for a full abstract. Mr. Darwin, on 
raising from seed some individuals of our Vesa verticillata, ascertained 
that this plant is also trimorphic. We commend it to the particular 
attention of any who may be disposed to prosecute farther such investi- 
gations, which, though requiring genius to originate, are easy to follow 
up, and almost inexhaustible in interest. 

Of the remaining papers in this number of the Linnean Journal, one 
is On a Peloria and Semi-double Flower of Ophrys arenifera, by Dr. 
Masters, to which a note is added, mentioning a nearly similar monstrosity 
of Pogonia ophioglossoides, (known to him from a description by Prof. 
Gray), collected by Rev. J. A. Paine, in a bog near Utica, N.Y. Several 
flowers were detected, last year, all sharing more or less of the peculi- 
arity, viz: having three labella and the column resolved into small peta- 
loid organs ; the two accessory labella and a small petaloid body on the 
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organ for the transformation, and in a degree independent of the nurse, 
and hence spoken of as spontaneous. ‘The first of the groups given 
above comes under the head of alternate genesis—Generationswecksel 
—while the second, and in part the third, are instances of parthenogen- 
esis. From this point of view, also, is the present case intermediate 
between the first and second groups. 

He calls attention to the compensation, by the budding of the larve, 
for the limited egg-bearing capacity of the mature fly, and regards this 
compensational balance as usual in these cases. Also, considering the 
fat or granular substance of the larve-nurse to be directly transformed 
into these larves—a view confirmed, it will be remembered, by Dr. 
Meinert—he points to the hypertrophied eggs as a store of material for 
its production. That this granular substance is of a nutritive nature, is 
made altogether probable by its transference into the stomach through 
the Malphigian vessel, in cases of prolonged abstinence, and also by the 
presence of sugar in it; and he observes that the imperfect tracheal 
system and sluggish movements, for a time at least, of the larve-nurse 
tend to leave this store intact for the sole use of the buds. 

Both in this, and the first paper of Dr. Wagner's, which we have 
now received, are numerous points of anatomical and physiological in- 
terest; such as the condensation in the mature fly of the separate gan- 
glia of the larve, the valves at the posterior end of the dorsal heart— 
also figured by Dr. Pagenstecher—and which, as well as the glands 
along its side, supposed from analogy—in leeches—to form the blood 
corpuscles, we have ourselves seen. 

It is perhaps not premature to state here that the writer has found a 
number of large oval germs in some minute larves observed lately, and 
he would urge the attention of American observers, who may be better 
situated than himself, to this inquiry; since, to judge from the differ- 
ence in shape of the larve’s head, these were not of the same genus. 

6. On the Hymenoptera of Cuba, by E. T. Cresson. (From the Pro- 
ceedings of the Entomological Society, Philadelpbia, Jan. 1865. 200 
pp- 8vo.)—The Entomological Society of Philadelphia has shown great 
activity since its formation, having issued many long and thoroughly 
labored memoirs. Mr. Cresson’s work is based principally on the col- 
lection of Prof. F. Poey of Havana, purchased by Dr. T. B. Wilson of 
Philadelphia and presented to the Society, and also on specimens in the 
collection of Dr. J. Gundlach of Cuba. Most of the Chalcidide, Pro - 
totrupidz and Formicide are reserved for future papers. 

. Synopsis of the Bombycida of the United States, by A. S. Pack- 
arp, Jr. Part Il. 66 pp. 8vo. From the Proceedings of the Ento- 
mological Society, Philadelphia. Nov. 1864. 


IV. ASTRONOMY AND METEOROLOGY. 


1. Correction of D. Trowbridge’s article on the Nebular Hypothesis : 
by the Author.—In my article on the Nebular Hypothesis, Art. xlvi, 


and note 41 (this Jour., [2], xxxix, 31, 32), I have committed an error 


in my reference to Prof. Ferrel’s article on the retarding effect of the 
sun and moon on the earth’s rotation, in Gould’s Astronomical Journal. 


One part was owing to a careless misconception, and the other toa 
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course of activity by the father. This is especially the case with respect 
to the late Professor W. C. Bond and his son, Professor George Phillips 
Bond, to whom the council have awarded the highest mark of distinction 
this society can confer. 
In the estimate formed 

omer is generally placed somewhat at a disadvantage in comparison 
with the amateur. In the case of the latter, the whole of his work is 
weighed in the balance, while, in on of the former, large deductions are 
made from his labors as belongin $ prope rly to the duties of his official 
position, An official astronomer, in this age of zealous activity and 
speedy publication, inangurated I believe by the example of f the present 
Director of our own Royal Observatory, may, consequently, produce 
much good and original work without his name coming with due promi- 
nence before his peers, so long as that work falls, or rather appears to 


of his scientific work, the professional astron- 


fall, within the range of his official duties. . .. 

Unquestionable evidence that Prof. G. P. Bond has done more for our 
science than even a scrupulous discharge of his duty demanded, was given 
by cited a ar ince of the ‘Annals of the Astronomical Observatory of 
Harvard ¢ ege,’ vol. iii, 1862. At first sight, indeed, that volume might 
appear to ‘ noth ng beyond a record of excellent but, nevertheless, official 
work; when, however, [ shall presently come to speak of its details, it 
will, I doubt not, be conceded that it belongs in a great measure to the 
category of private labor independent of official duty.’ 

fter stating that Prof. G. P. Bond had been a most active contributor 
to astronomical discovery and methods for a long series of years, and 
that, besides his great and indeed unique work on the comet of 1858, an 
amount of good work had been accomplished by him which fully entitled 
him to the distinction now conferred upon him, Mr. De La Rue remarked 


that ‘his earlier exertions appear to have been directed to the discovery 
of comets and the computation of their orbits, and in the Report of the 
Committee of Harvard College he is mentioned as having detected inde- 
pendently eleven of those bodies. It is not surprising, therefore, that so 


zealous an observer of these strange visitors, about the nature of which 
so little is known, should have been one of the most assiduous observers 
as that of Donati. It was also a natural conse- 


ot so splendi la comet 
quence that Professor Bond should have desired to compare his own 
results with those of other observers, but it was by no means a necessary 
sequence that he should have entailed upon himself the enormous labor 
of collecting, systematically arranging, and reducing, the whole of the 
data resulting from this comparison, 

The circumstances attending the apparition of the comet of 1858 
were peculiarly favorable ; its early discovery by Dr. Donati, while yet a 
faint telescopic object, and the prediction of its great brilliancy and 
splendor, having had the effect of directing the attention of a great 
number of astronomers to this remarkable body. Hence, in the history 
of cometary observations, there has never been collected so large a mass 
of observations as in the case of Donati’s comet, the absence of moon- 
light, the short duration of twilight, and the r markal Je continuance of 
‘lear weather during the most important part of the comet’s apparition, 
rely contributing to this result. The darkness of the sky, which 
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known, & priori, respecting the actual figure, there is an obvious advan- 
tage to be derived from these accidental circumstances of its position, by 
which the influence of perspective foreshortening is, in a great measure, 
eliminated,’ 

‘In order to recognize and explain any errors or ambiguities in the ob- 
servations themselves, a provisional chart was constructed, showing the 
path of the comet and the position of the tail among the neighboring 
constellations. This chart naturally gave confidence and insured accu- 
racy in the subsequent discussion of the observations, which are duly 
‘ weighted’ according to the dependence which can be placed upon 
them.’ 

‘Lastly, the normal outlines of the tails are given in a series of charts 
which represent the final results deduced from the whole series of observ- 
ations between September 16th and October 17th, referred to the com- 
mon epoch for each date of 74 mean solar time at the Observatory of 
Harvard College. The figure of the tail is preserved free from any con- 
siderable distortion by the method adopted ; namely, by projection on a 
tangent cylinder, the position of which, in regard to the path ot the comet, 
was selected with that view.’ 

After having given an idea of the comprehensiveness of the first seven 
sections of Professor Bond’s work on the comet of 1858, the speaker 
referred Lo those parts W hich treat of the teles ‘opie observations of the 
nucleus and envelopes—which are characterized by the same care, skill, 
and resource, though the difficulties of dealing with the discrepancies 
must have been enormously greater. 

‘Professor Bond gives in his work a plate representing the drawings or 
engravings of the nucleus and envelopes in the form they reached him. 
A cursory inspection of this collection will suffice to show how great is 
the diversity of portraiture of the same object, even when made at about 
the same period of absolute time.’ 

‘The form of the head of the comet received considerable attention ; 
the result was such as to show that its outline did not accord with a par- 
abola, but that its contour was nearly that of a catenary curve. Moreover, 
advant ive Was taken by Professor Bond, of the apparition of Comet III, 
1860, and more recently, of the great Comet of 1861, to test some of 
the hy pothe ses discussed in reference to the Comet of 1858, notably the 
phenomena of the successive throwing off of a series of envelopes from 
the nucleus, and the diminution of their elevation velocities as they 
receded from it. A recent careful revision of these phenomena has, 
according to the report of Professor Bond for 1864, completely confirmed 
the results previously announced. 

Before dismissing the consideration of the volume on the comet of 
1858, Mr. De La Rue added a few words in honor of Mr. Josiah Quincy, 
of Boston, who defrayed the-expenses of the letter-press of the volume, 
and of the twenty-four gentlemen of Boston, Waterton, Cambridge, and 
Salem, who subscribed the funds necessary to cover the cost of the un- 
rivalled engravings with which it is illustrated. It is most creditable to 
these gentlemen that they so fully appreciated the importance of doing 
ample justice to the labors of the Director of the ¢ observatory of Har- 
vard College, and enabled him to lay before the public such a written 
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vations. He has also published an analytical investigation of the ques- 
tion of the stability of Saturn’s rings, in which he arrived at the unex- 
pected conclusion that they are in a fluid state.’ 

Among other titles to our esteem for him as an astronomer must be 
mentioned his share in the adaptation of the great Refractor of Harvard 
College to the observations of very small stars in zones of declination, 
the first-fruits of the plan being a catalogue of 5,500 stars near the 
Equator, forming vol. i. part ii. of the above named “Annals,” the ob- 
servations having been made by himself and Mr. Tuttle. 

This plan, it will be remembered, consists partly in recording, by the 
electric method, the times of transit of stars as they cross certain vertical 
lines drawn on a piece of transparent mica attached to the diaphragm of 
the spider-line micrometer. The electric recording apparatus is that 
originally contrived by the late W. C. Bond and his two sons, in which 
the movement of the recording barrel is regulated by their well-known 


spring-governor. On the piece of transparent mica exhibiting the tran- 


sit lines, is also drawn a series of horizontal lines, 10” of declination 
apart, grouped into threes and sixes, to indicate half minutes and min- 
utes, the former denoted by making every third line somewhat longer 
than the adjoining ones, and the latter by causing every sixth line to ex- 
tend quite across the slip of mica. By means of a cross-light illumina- 
tion the lines are made to appear white on a dark ground. “The ob- 
server, with the aid of an assistant, whose office it is to record the declin- 
ations, magnitades, &c., has it in his power to give the elements of po- 
sition and magnitude of each star at the rate of seven per minute, the 
average frequency of observations being only two in each minute.” 
Since Professor G. P. Bond’s appointment to the direction of Harvard 
Observatory in 1859, these zone observations have been diligently con- 
tinued; and in his report for 1864 it is stated that the region between 
+ 1° 00/ and 1° 10” had been nearly completed, and that great progress 
had been made in the zones between 1° 10’ and 1° 20/, 

It is only necessary to read the Reports of the “Committce of the 
Overseers” of Harvard College, and the accompanying Reports by the 
Director of the Observatory, to show that the same zeal animates Pro- 
fessor G. P. Bond that was so strongly evinced by his father. The vast 
amount of work accomplished in the way of observation, reduction of 
the results, and their publication, is truly surprising, for we must in 
forming an estimate always bear in mind ‘that the Observatory of Har- 
vard College has very small means at its disposal, in comparison with 
the magnitude of its undertakings. 

There is one claim to recognition which I, of all persons, must not pass 
over without notice—namely, the first application of photography to astro- 
nomical observations; for it was my seeing in the exhibition of 1851 a 
lunar photograph, which emanated from this Observatory, that stimu- 
lated me to undertake experiments in that direction. The first applica- 
tion of photography to the delineation of our satellite and of some of the 
fixed stars I had attributed to Prof. W. C. Bond, in connection with 
Messrs. Whipple and Black, of Boston; but I am informed that it origin- 
ated with G. P. Bond, to whom, theretore, in coniunction with these last- 
named gentlemen, the merit of this important step must be assigned. 


' Presented to the American Academy of Arts and Sciences, April 15, 1851. 
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the mean duration in the Jater hours of the night. Such decrease is dis- 
tinctly shown by Wartmann’s observations in 1838. H. A. N. 
6. Heights of Auroral Arches.—Mr. B. V. Marsu has obtained data 
for computing the altitudes of three auroral arches. A fine arch was 
seen early on the evening of the 16th of January, 1865, and from observ- 
ations at Germantown, Pa. and Brunswick, Me., the computed altitude 
is 97 miles. A second arch on the 20th of February was observed at 
Germantown, Newburyport, Mass., and Brunswick. The Brunswick and 
Newburyport observations give an altitude of 67 miles; those of German- 
town and Newburyport 92 miles. The mean of the two determinations 
is 794 miles. A third arch on the 2Ist of February, observed at Boston 
and Philadelphia, had the computed altitude of 57 miles. The mean 
height of the three arches was therefore 78 miles. The data were not 
very exact in either case, but taken together they are believed to furnish 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


l. The Agassiz Expe lition to South America.—On the 29th of March, 
Prof. Agassiz, with a large corps of assistants, sailed in the steamer 
Colorado for Rio Janeiro, on an exploring tour in South America. 
His corps consists of O. H. Sr.Joun and C. F. Harrr to collect fossils 
and to aid in geological exploration, J. G. Axrnony to collect mollusks, 
J. A. ALuen to collect birds and mammals, G. Sceva to make skeletons 
of mammals, birds, the large reptiles and fishes, and Mr. Burkuarptr 
to make drawings. Prof. Agassiz will devote himself, with native and 
uch other assistance as he may obtain, to the collection of marine in- 
vertebrates, yet will have, for his main object, the study of the embry- 
ology of some of the remarkable fishes of the Amazon, and lnvestiga- 
ti = with regard to the drift phenomena, or ancient glacial action, in 


Andes. 
"The party is accompanie »d also by Dr. B. E. Cotting as surgeon, with 
the wives of Prof. Ag: assiz and Dr. Cotting, a son of Mr. N. Thayer of 


Boston, and a son of Mr. S. G. Ward of that city. 

The expeditic yn goes first to Rio Jane iro, whence the geological as- 
sistants will journey by land north to the Amazon, while the rest of the 
party , after comple ting investigations there, will take vessel for the same 
river. Prof. Agassiz and party will then ascend the Amazon, to the 
And S. and, finally, after explorations in the mountains, descend to Lima. 

Professor Agassiz at first intended only a Visit to brazil for his health, 
and proposed to take along one or two assistants to aid him in making 


collections for the Museum of which he is Director at Cambridge. On 
mentioning his plan to Mr. Nathanael Thayer, this generous patron of 
science at once said oo home, find six assistants, and I will 


yT 
pay the bill.” The Mail Steamship Co., hearing early of the 
projected tour of ¢ xploration, immediately tendered to Professor Agas- 
siz and his wife tree passage to Rio; and, afterward, on learning of 
Mr. Thayer’s apes ‘ent proposition, Mr. McLane, in the name of the 
Director of the Company, offered to the whole party free passage in the 
new steamer Colorado, about sailing for Panama via Cape Horn. The 


arrangements were soon completed, and within three weeks after Mr. 
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9. Dr. A. Krantz.—The 7th edition of the Catalogue of minerals, 
rocks, fossils, casts and models for sale at the large and well known house 
of Dr. Krantz, at Bonn, in Prussia on the Rhine, has recently been issued, 
and exhibits great completeness in his stock in all departments, and favor- 
able prices for purchasers, Besides the various other collections, we 
observe one of 114 models of occurring crystalline forms of various min- 
erals, in wood, well labelled, with reference to standard works, for 16 
thalers; and another of 675 forms, for only 120 thalers (the thaler being 
equivalent to about 75 cents). 


B. Witson.—The scientific world has sustained 
a severe loss in the death of Dr. Thos. B. Wilson, the late President of 
the Academy of Natural Sciences, in this city, which took place on the 
15th of March last, at his late residence in Newark, Delaware. Dr. 
Wilson, who was a native of Philadelphia, has for many years devoted 
himself to the encouragement and promotion of zoological science, 
especially in connection with the Academy of Natural Sciences, an in- 
stitution which, mainly by his energy, ability and princely liberality, has 
been raised from comparative mediocrity to an equality with the leading 
kindred institutions of the Old World. The superb collection of Birds, 
which ranks as the third in importance in the world, and the invaluable 
Library of the Academy, are but a partial evidence of Dr. Wilson’s 
unostentatious munificence. Every department of the institution bears 
his mark and will feel his loss. He has also contributed largely of late 
to the Entomological Society at Philadelphia. Although his residence 
had been removed to Newark, Delaware, half of his time was regularly 
spent in his native city and occupied with his favorite pursuits. It is 
difficult to estimate the value of such men to the cause of science, or 
the loss which a community sustains when their labors are cut short.— 
Daily Evening Bulletin, Philadelphia, March 21. 

Georce HH, Emerson.—Mr. George H. Emerson, a young chemist of 
much promise, originally from the city of Hartford, Ct., died at Green- 
field, Mass., after a long and painful illness, on the 28th of December 
last, at the age of twenty-seven. Mr. Emerson is the author of a memoir 
“On crystals and precipitates in Blowpipe Beads,” presented to the Bos- 
ton Society of Natural History, an abstract of which was published in 
volume xxxvii of this Journal (p. 414). Having discovered that nearly 
all those earths, or metallic oxyds, which produce an opaque bead on 
flaming, give rise, with proper manipulations, to definite and character- 
istic crystals, he examined, with great labor and care, a large variety of 
substances, and carried his investigations so far as to determine and de- 
scribe the appearance of the crystals or precipitates in different fluxes. 
His researches—which he regarded as but just begun,—promised to 
contribute much to the progress of the science of Blowpipe analysis. 
But he was compelled to discontinue them by his failing health. He 
had been a student of Chemistry in Prof. Cooke’s laboratory at Cam- 
bridge but one year when he obtained his interesting results. But the 
enthusiasm and activity with which he applied himself would have 
severely tried a stronger constitution than his. Having sought to im- 
prove his health by a journey to Florida without avail, he died at Green- 
field a few months after his return. 
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giving the methods of preparing and mounting {and to some extent, 
also, of collecting) specimens for the microscope that are in general 
use, along with the results of his own experience; and with such 
explanations of the rudiments of the art as may be required by a be- 
ginner, as well as those details that the advanced student might need. 
The subjects of the chapters are: I. Apparatus; II. Preparation and 
mounting of objects “dry;” III. Mounting in Canada Balsam; IV. 
Preservative liquids; V. Sections, and how to cut them, with some re- 
marks on dissection; VI. Injection; V1! Miscellaneous information on 
objects of interest for the microscope. 

4, Triithner’s American and Oriental Record.—The Record, published 
in London by Messrs. Triibner & Co. (60 Paternoster Row), of which 
the first number made its appearance on the 16th of March last, is to 
be “a monthly register of the most important works published in North 
and South America, India and China and the British Colonies, with the 
occasional addition of notes on German, Dutch, Danish, French, Italian, 
Spanish, Portuguese, and Russian bo yks.” Its object is stated to be 
two-fold: first, to form a medium of communication between American 
and Oriental authors and publishers and the English public; and, sec- 
ondly, to. make American and Oriental works better known in Europe. 
It has therefore a special interest to American authors and publishers, 
and to the American people generally. Codperation from America is 
asked for, and especially early intimation of publications in contempla- 
tion, with a mention of such particulars in each case as the trade and 
the reading public demand. The house of Triibner & Co. has long 
dealt largely in American works, and done much toward extending their 
circulation through Great Britain and Europe. The first number of the 
Record runs to 24 pages small 4to. Price 6d. 

5. American Journal of Conchology ; edited by G. W. Tryon, Jr.— 
The first and second numbers of the American Journal of Conchology 
have appeared, and by their contents promise much for the progress of 
the scl hee of both recent and fossil shells. The numbers ot this quar- 
terly contain 96 pages each; the first is enriched by 9 plates of shells, 
and the second by 8, several of them colored. The price per number is 
three dollars, and per year ten dollars. These numbers contain articles on 
Tertiary fossils by T. A. Conrad; and on recent shells by 8S. 8S. Haldeman, 
T. Bland, W. G. Binney, W. Stimpson, C. M. Wheatley, A. D, Brown, 
J. G. Anthony, and the Editor, besides “ Reviews and Summary of Con- 
chological Publications” and “ Scientific Intelligence.” 

6. Woodward's Country Homes by E. F. W. W oopWarpD, 
Architect:, 166 pp. 12mo. New York: G. E. & F. W. Woodward, 
37 Park Row, office of the Horticulturist—This neat little volume is 
illustrated by numerous cuts representing dwelling houses of various 
tasteful styles, and plans for their construction, and is well calculated 
to distribute through the country, taste in domestic architecture and 
some knowledge of the ways of exhibiting it. 

7. The New York Medical Journal. Vol. 1, No.1, April, 1865. 88 pp. 
8vo. Miller & Mathews, New York and J. b. Lippincott & Co., Phila- 
delphia. $5 per year.—This new monthly is to be sustained by the 
highest medical and surgical talent of the country, and promisee to be 
the leading Medical Journal. 
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